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SHERBURNE WESLEY BURNHAM, 1838-1921 
By EDWIN B. FROST 


Sherburne Wesley Burnham, senior astronomer at the Yerkes 
Observatory from its opening in 1897 until his retirement in 1914, 
died at his home in Chicago on March 11, 1921, at the age of eighty- 
two years. 

He leaves an imperishable memory in the history of stellar 
astronomy, for the great number of new double stars which he 
discovered, for the vast quantity of precise measurements of such 
objects which he made, and for his monumental work of critical 
compilation. His symbol @ is recognized throughout the astronomi- 
cal world as the synonym of scientific precision and of remarkable 
visual discrimination. 

Mr. Burnham was a “self-made man.’’ This term is somewhat 
overworked, perhaps particularly on the Continent of Europe, 
where it is supposed to be rather typical of successful Americans. 
It expresses the fact that he did not have the advantage of any 
studies at a college or university in mathematics or astronomy, nor 
did he have, during the years when he was acquiring his knowledge 
in this department, much direct contact with professional astrono- 
mers, from whom he could obtain advice. He had to go to such 
books as he could find in the libraries in Chicago and by his own 
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efforts acquaint himself with the methods of observing and the 
literature of astronomy in the field which he pursued. 

After some study at the academy in the town of his birth, 
Thetford, Vermont, in the hill country of New England, he prac- 
ticed shorthand by himself, and in 1858 went to New York, where 
he found employment in business. Later, during the Civil War, 
he was in New Orleans with the Union troops, serving as an official 
reporter for the military government, and subsequently he was 
similarly employed at several Constitutional Conventions in the 
southern states. After the war he came to Chicago and continued 
as official court reporter for more than twenty years. This labor 
of recording the verbal testimony before the United States courts 
and then writing it out in longhand was indeed arduous, and involved 
no small strain upon his eyes; but for a score of years he observed 
at night as assiduously as if he had no engagements for the day. 

His interest in astronomy had heen awakened by the possession 
of two small telescopes in succession, and he ordered from the Clarks 
in 1869 a 6-inch refractor, with the stipulation that it should be as 
good as they could make. After this telescope was delivered in 
1870, his attention was directed to double stars and it appeared 
that he had a most extraordinary keenness of vision, particularly 
in this discrimination as to the character of a stellar image. The 
objective was a fine one, perhaps a prototype for the subsequent 
masterpieces of optical skill made by the Clarks. 

In 1873 and 1874, the Royal Astronomical Society published 
in the Monthly Notices five lists of new double stars by 
Mr. Burnham. He had obtained great assistance from Webb’s 
Celestial Objects for Common Telescopes and had entered into 
correspondence with Mr. Webb, whose encouragement was of much 
value to him and led to his connection with the Royal Astronomical 
Society, of which he became a member in 1874. With the 6-inch 
telescope he discovered 451 new double stars, many of which were 
so close as to give difficulty to other observers having much larger 
instruments. The forty-fourth volume of the Memoirs of the 
Royal Astronomical Society, published in 1879, contained the meas- 
ures of 250 new doubles, with micrometric observations of 250 other 
pairs. For about six years of the period between 1877 and 1884, 
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Mr. Burnham had the opportunity to use the fine 183-inch refractor 
of the Dearborn Observatory, then located in the city at the former 
Chicago University; and for part of the time he held, at least 
nominally, the office of director of that observatory. During part 


of the year 1881 he was associated with the then new Washburn 


Observatory of the University of Wisconsin at Madison, of which 
Professor E. S. Holden was the director. There he observed both 
with the 153-inch telescope and his 6-inch, the latter being pur- 
chased by the University of Wisconsin as a part of its equipment. 
When the Lick Observatory was opened in 1888, the position 
of astronomer was offered to him and was promptly accepted, al- 
though no doubt at a very considerable pecuniary sacrifice, especially 
for a man with a family of six children. The Lick Observatory 
was not unfamiliar to him, as he had been there twice before, on 
commissions from the Lick Trustees: once for two months in 1879, 
to test (with his 6-inch refractor) the conditions of observing on 
Mount Hamilton, which had been chosen as the site for the new ob- 
servatory; and in 1881, to observe the Transit of Mercury, for which 
he was able to use the 12-inch telescope, then already mounted. 
He carried out a fruitful program of observations of double 
stars at the Lick Observatory, with the use of the 36-inch and 
12-inch refractors for four years. ‘This was only interrupted by an 
expedition to Cayenne, to observe the eclipse of December 21, 1889. 
Internal conditions had developed at the observatory which were 
not agreeable to Mr. Burnham and he resigned his position in June, 
1892, and returned to Chicago, where he was offered the office of 
clerk of the United States Circuit Court. His duties in this position 
were highly responsible, but perhaps less exacting than they had 
been previously when he was court reporter. He discharged these 
duties with great accuracy and ability, and his services were highly 
appreciated by the judges and other officers of the federal court, 
and by a wide circle of men in the legal profession. He, in turn, 
had great respect, amounting in some cases to veneration, for many 
of the distinguished jurists presiding in the courts in which he served 
during his terms of office in both capacities. From 1897 to 1902, 
he also acted as receiver for the Chicago & Northern Pacific 


Railroad. 
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For a period of five years, beginning in 1892, Mr. Burnham was 
not directly connected with an observatory and his use of a telescope 
was limited to occasional visits to the Dearborn Observatory, then 
at Evanston under the directorship of Hough. Burnham’s interest 
in double stars was not in the least diminished, however, and he 
published a dozen papers in the Monthly Notices, chietly on the 
orbits of stars which he had previously observed. He was also 
occupied with his manuscript catalogue of all double stars, which 
he had begun many years before. 

In 1892 the University of Chicago received from Mr. Yerkes 
the promise that he would present to it a well-equipped observatory, 
and the disks for the 40-inch refractor were purchased by him. 
There were delays in completing the plans for the observatory, 
however, so that the building could not be begun until 1895; but 
meanwhile Mr. Burnham was appointed astronomer, with the title 
of Professor of Practical Astronomy, in the University of Chicago. 
His actual work was not begun, however, until after the formal 
opening of the observatory, in October, 1897, when he was assigned 
two nights a week with the great telescope. He commonly came 
to the observatory on the afternoon of Saturday and observed 
through that night and through Sunday night, taking what rest he 
could in his office during the intervening day; but he was off for 
his duties at the court on the early train on Monday morning, 
carrying with him his records of observations, which were kept in 
a most systematic manner and were promptly reduced. His observ- 
ing program was selected with great care and his methods were such 
that he worked very efficiently and rapidly. He greatly preferred 
to observe toward the east and rarely reversed the telescope to 
follow a star which had gotten away from him to the west. Under 
exceptional circumstances he measured as many as 100 pairs in a 
single night with the forty-inch telescope! He seldom allowed 
himself to be distracted by other astronomical objects, however 
interesting, but he occasionally measured nebulae which came 
within the field. He made no search for new double stars after he 
began work with the 4o-inch telescope, rightly judging that it was 
more important to follow up the difficult pairs which were beyond 
the reach of many telescopes, but which were of the greatest interest 
because of the rapid motion often revealed. He soon collected his 
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own measures and those of some other observers of 1290 double stars 
which he had discovered between 1871 and 1899, and these were 
published in 1g00, as Volume I of the Publications of the Yerkes 
Observatory. 

In 1902 he resigned his position as clerk of the court, despite 
the fact that he could have availed himself of its life-tenure. This 
gave him all of his time for astronomical work, which had never 
been the case before except for the four years when he was at the 
Lick Observatory and for the six months at the Washburn Observa- 
tory. He did not move out to Williams Bay, however, preferring 
to maintain the family home in Chicago, where it had been so long 
established. 

With this additional freedom he thus had further opportunity 
for completing his great General Catalogue of Double Stars within 
121° of the North Pole, which was now in its third edition as a 
manuscript. Attempts had been made for some years to find means 
for publishing this, but it was not until 1906 that this could be done. 
The recently endowed Carnegie Institution of Washington under- 
took in 1905 the publication of the work, and the printing was 
begun at the University of Chicago Press, where Mr. Burnham 
personally supervised the composition. The preparation of this 
comprehensive work constantly brought to light objects requiring 
new observations before their inclusion in the catalogue; thus most 
of his observations at the 40-inch telescope, from 1900 to 1906, nearly 
10,000 in number, found their original publication in this catalogue. 
The first of these two stately quarto volumes summarizes the sta- 
tistical information as to 13,665 double stars, in 275 pages; the 
second gives in 1086 pages the detailed information as to all the 
important observations of these pairs, with diagrams of the orbits 
of many of them. Aside from its large amount of original data 
this is not a mere compilation, for Professor Burnham’s experienced 
discrimination is seen throughout the work; while he gave references 
to the complete literature for every pair, he published in detail only 
the data of observers whose work was of a high standard of 
excellence. 

Although Mr. Burnham never did any actual teaching and, so 
far as we know, never gave a public lecture, nevertheless by his fine 
example of persistent devotion to his special line of research, and 
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by his untiring work of observation, even at an age when most men 
would have availed themselves of the privilege of retiring, he led 
the way in America in the field of double stars and has been followed 
by a worthy band, who gladly recognized him as master. For 
many years Mr. Burnham gave freely his valuable counsel to many 
younger observers in making up their programs for observations of 
double stars. 

After the publication of the great catalogue, Mr. Burnham 
directed his observations largely to the micrometric reference of 
stars, chiefly from the General Catalogue, to faint stars in their 
vicinity, with a view to determining the relative proper motion, 
because he fully appreciated the great superiority of such observa- 
tions with a telescope having a focal length of 19 meters over those 
made with meridian circles. His results, which included nearly 
10,000 measures, were published in 1913 in a quarto volume of 311 
pages by the Carnegie Institution of Washington, with the title 
Measures of Proper Motion Stars Made with the 4o-Inch Refractor 
of the Yerkes Observatory in the Years 1907-1912. ‘These measures 
lay the foundation for a very much better knowledge of relative 
proper motions of these stars as they may be remeasured in future 
years. Such observations of stars did not require the high stand- 
ard of ‘‘seeing’’ necessary for close double stars with a big 
instrument, and there is also a possibility that there was some 
slight falling off in the keenness of 6’s vi:.on after he was seventy 
years of age. 

Physically Mr. Burnham was slight and of moderate stature, 
but all his muscles were at his command. The co-ordination of 
his hand and eye had always been notable. Thus he was an expert 
shot with the rifle, unusually good at bowling, and generally a man 
who mastered whatever he undertook. His endurance was excep- 
tional, whether it was shown in climbing about the cafions near the 
Lick Observatory, or in long rides on his bicycle, or in carrying on 
his work at the great telescope during thirteen or even fourteen 
hours of a cold winter’s night. He was abstemious in his habits 
and took very little food during his visits to the Observatory, but 
he had constant comfort from his cigar. The photograph which 
accompanies this sketch is taken from a snap-shot made while he 
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was at his ease near the observatory, when he was about seventy 
years of age. 

He was an expert with the camera and had won the prizes at 
exhibits in the earlier days, but there are very few portraits of 
himself available. 

He knew nothing of bodily weakness until early in the year 
1913, when he suffered from what may have been a form of influ- 
enza. He said that it was the first time in his life that he had been 
sick and that he was ‘‘all played out.’’ He was then seventy-five 
years old. He never again fully recovered his strength, so that his 
visits to the observatory thereafter were fewer and his last observa- 
tions with the 4o-inch telescope were made on May 13,1914. During 
that summer he retired, on a pension, in accordance with the 
statutes of the University of Chicago. He was still given the oppor- 
tunity to use the telescope, but did not avail himself of it, and after 
1917 he did not often leave his home. ‘Toward the end of February, 
1921, his hip was broken from a fall, and from this, in his enfeebled 
condition, recovery was impossible. His death occurred a fortnight 
later. 

In 1868 Mr. Burnham was married to Mary Cleland, who 
survives him with their three sons and three daughters, together 
with eight grandchildren. 

A complete bibliography of Mr. Burnham’s writings need not 
be given here. Summaries of his observations have been published 
in more than one place: thus Volume II of the Publications of the 
Lick Observatory (1894) gives the place of publication of his nineteen 
catalogues of new double stars, which had been printed chiefly in 
the Monthly Notices of the Royal Astronomical Society or in the 
Astronomische Nachrichten; it contains the complete details of the 
observations of the last six catalogues, covering stars 8B 1026 to 
8 1274, which were discovered and measured at the Lick Observatory. 
That volume also includes some measures of nebulae with the 36- 
inch refractor. Again, for convenience of reference, these original 
sources of publication were collected in Volume I of the Publications 
of the Yerkes Observatory, covering the history of the 1290 @ stars. 
He increased his list of new double stars but little after this; in 
fact, he avoided them, so that the total number of 6 stars is 1340. 
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Six extensive lists of measures were published in the A stronomische 
Nachrichten between 1907 and tg11t. Many of these are also 
contained in the volume on proper motion stars. At Mr. 
Burnham’s request a final collection of measures was extracted 
from his notebooks by Professor Philip Fox and published in the 
Astronomical Journal in 1918. 

After the publication of the General Catalogue, Mr. Burnham 
still maintained his manuscript edition, keeping it up to date so as 
to include the great numbers of new double stars discovered by 
Professor Hussey and by Professor Aitken in their systematic 
searches for such objects. When his health began to fail, Mr. 
Burnham passed this valuable MS catalogue on to Professor Eric 
Doolittle, who was carrying it forward at the time of his premature 
and lamented death in 1920. In accordance with a prior arrange- 
ment, it then went to Professor Aitken, under whose careful 
supervision it will be maintained and a new extension published. 

Professor Burnham received the Gold Medal of the Royal 
Astronomical Society in 1894, and the Lalande Prize of the French 
Academy of Sciences was awarded to him in 1904. Yale College 
gave him the honorary degree of A.M. in 1878, and in 1915 he 
received the honorary degree of Sc.D. from Northwestern 
University. 


YERKES OBSERVATORY 
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THE RELATIONSHIP OF ABSOLUTE MAGNITUDE TO 
SPACE-VELOCITY' 
By W. S. ADAMS, G. STROMBERG, anv A. H. JOY 
ABSTRACT 


Variation of the velocity of stars with absolute magnitude.—A statistical study of the 
radial, tangential, and space-velocities of 1350 stars, mostly of types F, G, K, and M, 
shows a marked correlation with absolute magnitudes. The results are given in the 
form of equations and tables. The increase in average space-velocity for a decrease of 
one magnitude in brightness varies with the type, but is of the order of 3 km/sec. The 
greater homogeneity of the giant stars as a class and their comparative freedom from 
large individual motions are indicated by the results. As would be expected for a 
random distribution of velocities as to direction, the average radial velocities are about 
half the corresponding average space-velocities. 

Frequency of the space-velocities of stars cannot be represented by a distribution 
according to Maxwell’s law, for there is a large excess of stars with high velocities, 
but a type of frequency function based upon the assumption of a normal error-distribu- 
tion in the logarithms of the velocities is found to represent the observations much 
more closely. The function is proportional to e—/(log »—log »)?, where v is the geo- 
metrical mean space-velocity. 

In a communication published in 1915, Kapteyn and Adams? 
showed that the radial velocities of a considerable number of stars 
depended upon proper motion and mean parallax in such a way 
as to indicate that the brighter stars intrinsically move more slowly 
than the fainter stars. More extensive investigations by Adams 
and Strémberg’ in 1917, and by Strémberg in 1918.4 based upon 
1300 stars of spectral types F, G, K, and M, gave similar results. 
For this purpose the absolute magnitudes derived by the spectro- 
scopic method were used, and not only the radial velocities but also 
the components at right angles to the direction of the sun’s apex 
were included in the discussion. An average change in radial 
velocity of about 1.3 km for each unit of absolute magnitude was 
indicated by these investigations. 

The subject had already been discussed by Eddington’ on the 
basis of stars with parallaxes determined by the trigonometric 

™ Contributions from the Mount Wilson Observatory, No. 210. 

2 Mt. Wilson Communications, No. 1; Proceedings of the National Academy of 
Sciences, 1, 14, 1915. 

3 Mt. Wilson Contr., No. 131; Astrophysical Journal, 45, 293, 1917. 

4 Mt. Wilson Contr., No. 144; Astrophysical Journal, 47, 7, 1918. 


5 Stellar Movements, p. 52, 1914. 
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method, and some of the important consequences of such a relation- 
ship had been pointed out by Eddington, Russell, Halm, and 
others. Additional evidence will therefore be of especial value for 
investigations dealing with the motions of stars in our Galaxy 
and their connection with spectral type and mass. 

Previous studies of the subject have been limited to components 
of the stellar motions either in the line of sight or at right angles to 
it. With the rapid accumulation of parallax observations, both 
trigonometric and spectroscopic, and a similar increase in determina- 
tions of radial velocities, we can extend the investigation to the 
actual motions of the stars in space. In the pages which follow 
we shall compute the space-motions of the stars in our list, derive 
the frequency-law representing their distribution, and study the 
relationship of these motions to absolute magnitude. 

The velocity-components of a star relative to the sun are com- 
puted from the following equations: 


. k ; P 
x=V cosa cosé—~ (ua sin a cos 6+ys Cos a sin 4) 
Tv 


— k , , 
y=V sin a cos 6+ (ua COS a Cos 6—ys Sin a Sin 4) 
is 


’ k 
z=V sin Ot Ms cos 6 


where x, y, and z are the velocity-components in the equatorial 
system, expressed in kilometers per second, V is the radial velocity 
relative to the sun, a and 6 are right ascension and declination, yu, 
and yw; the corresponding proper motions, 7 is the parallax, and k 
is a constant equal to 4.737 km/sec. 

If x,, Yo, and z, are the velocity-components of the sun referred to 
the centroid of a large number of stars, we can obtain the com- 
ponents x;,, y;, and z, of the star relative to this centroid from the 
equations 

Xy=X+NX, Vi= Vo, 2,;=2-+2o. 
The space-velocity v of the star, correci J for the sun’s motion, is 


therefore 


v=V wityitz. 


het ieee ea 
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The parallaxes used in this investigation are those obtained 
by the spectroscopic method and published recently.!. In a few 
instances where the parallaxes are large the trigonometric values 
have been used instead. The proper motions are from the Cata- 
logue of Boss or Cincinnati Publications, No. 18, with the addition 
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Absolute Magnitude 
Fic. 1.—Curves showing the relationship of space-velocity to absolute magnitude 
for the various spectral types. 
Curve I. Abscissae, average absolute magnitudes; ordinates, geometrical means 
of space-velocities. The continuous curve alone is shown. 
Curve II. Abscissae, average absolute magnitudes; ordinates, average radial 
velocities. 


of a few values determined by Kapteyn, Roy, and others. The 
radial .velocities have been taken from Campbell’s list in Lick 
Observatory Bulletin, No. 229, from the Mount Wilson lists published 


Mt. Wilson Contr., No. 199; Astrophysical Journal, 53, 13, 1921. 
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in Contributions, Nos. 79 and 105,' and from unpublished Mount 
Wilson results. 

Since many of the stars observed at Mount Wilson were selected 
on the basis of small proper motion, it is evident that there may 
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Fic. 2.—Frequency-curves for space-velocities of stars of spectral type K. Upper 
curve is based on 365 giant stars, lower curve on 131 dwarfs. Abscissae are space- 
velocities, ordinates are numbers of stars expressed in percentages of the whole ‘ 
within the limits of every 10 kilometers of space-velocity. 


be too large a proportion of stars with velocity-components in a 
plane perpendicular to the line of sight, which are nearly equal in 
direction and amount to the sun’s velocity projected on this plane. 
For this reason we have omitted from the discussion ror stars, 


* Astrophysical Journal, 39, 341, 1914; 42,172, I9QI5. 
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this number being based on the distribution of proper motions 
given by Kapteyn in Groningen Publications, No. 30. 

The detailed results based upon the values derived from the 
individual stars are given in Table I. The symbols in this table 
have the following meaning: 

M=mean absolute magnitude 
v=average space-velocity 
7=average tangential velocity not corrected for the 
sun’s motion. This is equal to (") 
6=average radial velocity 
v=geometrical mean of space velocities 
T = geometrical mean of tangential velocities 
r, and r,=probable deviations of log v and log 7 for a single 
star from the mean values log v and log 7. 


All of these quantities have been computed from the individual 
values of 2, 7, log v, log T and V’, the last being the radial velocity 
corrected for the sun’s motion. The probable errors in log v 
and log T have been converted into corresponding errors in v and 7 
The values used for the solar motion are those derived in 1917.’ 


A,=270°9; D,»=+29°%2; Vo=21.48 km/sec. 


The use of the values A,=270°, D.=+30°, Vo=20.0km would 
in general affect v and v by less than 0.1 km. 

The values for the A-type stars in Table I are based almost 
wholly upon stars of types A7 to Ag, and the uncertainty in the 
determination of the absolute magnitudes may be larger than for 
stars of the succeeding types. Occasionally stars with absolute 
magnitudes falling on the limit between two groups are included 
with half-weight in each of the groups. Thus among the A-type 
spectra a star of absolute magnitude +1.5 is accountable for 
the fractional values appearing in the column giving the number of 
stars. 

The use of the geometrical mean in this investigation has been 
found desirable for two reasons. In the first place it is influenced 
much less than the arithmetical mean by. the inclusion of stars of 


t Mt. Wilson Contr., No. 144; Astrophysical Journal, 47, 7, 1918. 
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TABLE I 
AND SPACE-MOTION 















































* Cin. 560 (Sp. =/ 


8, M =2.8, v=557, 


V’=+327) included in F type. 


t RR Lyrae (v=274, V’= —49) omitted. 


t Stars with v> 180 omitted 
§ Cin. 2019 (v =986) omitted 


These appear to form a separate group. 





| 
| No. ul : T ” 1 1 rs ra 
M eS SSS Sa | — ceniiidiniichiadsaiaginkae —_ 
Type A (A7 to Ag) 
| km km km km km 
—o.r1to +1.5.. II.5 72.0 | 34.2 | 33.2 | 26.3 32.2% 2.4 19.4*2.6 |+0.108 | 0.201 
TI.5to 72.5 14.5 1.9 | 36.6 | 31.8 | 19.6 Q*= 2.6 24.7%3.6 129 0.244 
| Type F (Fo To Fo)* 
| 
—3.§toO —1.5 9 —2.3 10.5 20.3 9.5 12.3 2.0 1§.2+ 3.0 2 271 =o.258 
3.5 WO +0.5 2 —@.9 43.7 44.0 a2.7 3.7 19.5 eates 
| 20f —0.7 2.2 | 33.7 9.8 | 20.9 3.7 | 17.4 3.9 ©. 338 0.427 
+TO.5to +2.5 54.5 +1.9 28.1 20.9 14.6 22.82 1.4 18.5 1.7 198 ©. 286 
2.5to 3.5 go 3.0 | 52.4 | 40.12 22.3 34.31% 1.7 | 30.3% 1.8 198 0.241 
85.5% 3.90 34.5 33-4 13.4 30.1 1.1 20.52 1.4 0.150 0.205 
3.5to 4.5 109 3-9 | 77-4 | 73-3 | 20.0] 51.5 2.8 | 47.6% 2.6 ©. 24¢ ©.2406 
| 99.5% 3-9 | 54.5 | 51.9 | 22.5 | 43.0 2.1 | 40.3% 2.0 0.208 0.211 
4.5to 5.7 8.5 §.0 [143.5 |125.4 | 74.4 | 76.9#20.6 | 67.1%17.8 ©. 33¢ 0.331 
6.53 5.0 | 54.0 | 47.4 | 31.0 | 45.5*10.4 | 39.7* 9.6 249 | 0.266 
Tyre G (Go To Go) 
= ee — 
—4.5to —1I.5 22 —2.9 | 30.1 27.0 53.9 21.7 2.90 17.9 2.5 | 271  +0.288 
} 20 —2.9 | 25.6 | 21.7 14.0 | 19.2 2.5 15.4 2.0 0.255 ©. 203 
—1.5to —0.5 | 25.5 —1.0 | 27.8 | 25.9 11.0 | 22.7% 1.9 | 19.4 2.0 0.1387 0.222 
—o.5 to +0.5 | 62.5 +o.1 s.9 .8 | £8.58 1 97.3 2.5 | 08.4% 8.5 0.193 0.233 
+o.5 to +1.5. | 72.5 °.9 37.5 31.5 21.0 30.22 1.5 23.02 1.5 o.18¢ 0.230 
I.5to 0.3. 35.5 1.9 35.9 29.0 19.8 290.0 2.0 22.7 1.8 ISI 0.210 
250 AAS: 18 3.0 | 45-4 39.0 29.4 35.5 3.2 33.2% 3.4 0.154 °.189 
fee Ba. 42.5 4.2 590.7 57.2 25.6 49.4 3.4 47.02 3.2 198 °.189 
4.5%: 8.5 | 73.8 5.0 | 58.7 | 58.2 23.1 | 51.9% 2.4 | 48.6% 2.5 0.1608 ©.187 
5.5to 6.6 | SI 5.8 | 88.3 88.0 34.0 61.90 3.4 63.4 3.4 0.174 0.166 
50§ 5.8 | 70 70.7 28.7 58.060 3.0 60.0+ 2.9 0.157 o.148 
| —— ee eee = _ a 
Type K (Ko To Kg) 
| 
—-4.0to 0.0 14 —0.5 | 44.4 42.2 II.9Q 20.0 5.5 21.582 § + 33 0.372 
12 —1.0 | 28.0 | 23.6 9-9 20.0 3.2 15.7 3.2 270 0.312 
°0.oto +0.5. 74.5 +O.3 29.4 22.8 14.0 24.4 1.2 14.52 1.1 2.182 °.2890 
TO. 5 TO 72.8. 180.5 °.9 30.5 25.0 19.5 29.02 1.0 20.4 0.5 ©.190 °. 248 
1.5to 2.5 47 1.9 34.0 24.0 S82 29.4 1.7 17.02% 1.5 0.173 9.2090 
S20. 4.8. II.5 3.0 | 48.8 | 37.60 , 29.8 45.9 3.6 29.4 4.6 ©.110 0.231 
3.5to 5.5. 12.5 4.4 | 62.6 | §3.5 | 25.8 7.22 6 32.7% 5.1 0.125 0.242 
5.5 to 6.5 | 67.5 6.1 67.3 70.4 S49 50.9 2.5 59.5 2.8 0.177 ©.162 
6.5to 7.5 36 6.9 | 590.3 | 50.4 29.3 53.5 2.8 | 52.82 2.2 0.136 0.105 
7.5to 8.5 12.5 8 58.7 | 54.8 | 33.7 54.2% 5.0 | 50.9* 4.3 143 0.130 
8.5 to o.7. | 8 8.3 47.3 41.0 20.5 40.0 0.7 30.2 5§.4 202 ©.152 
| Type M (Ma To Md) 
—3.8to —2.7. 2 —3.2 | 10.4 | 11.2 §.0 15.5% 3.4 | 11.0% 1.7 0.131 | #9.005 
—1.5to —o.5 13.5 —0o.8 30.4 33.1 17.4 29.0 2.7 21.4 4.96 0.142 0.350 
—o.5 to +0.5. 67.5 +0o.1 30.5 28.2 | 20.4 30.2% 1.5 | 190.5 1.4 174 ©.249 
+o.5to +1.5. 31 °.8 32.0 20.3 20.3 27.2 1.5 21.3% 1.8 fe ©. 203 
8.5to 10.0. 7 9.5 | 61.3 53-9 38 58.8 7 40.3 6.2 03 0.143 
10.0to 13.4. I! 10.9 62.3 50.0 37.5 51.4 7.¢ 41.22 5.5 214 0.203 
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TABLE I—Continued 
































No. | M : Fi ef t r e | ft 
M | | 
CEPHEID VARIABLES | 
| km km km | km | km | 
—3.4to —2.1.. 7 —2.0 19.9 24.6 10.1 | 12.2 3-5 | 21.2 3.3 | 0.327 |+o 178 
—2.0to —1.1....} 8 —1.8 | 20.5 | 21.9 | 12.4 | 17.8 2.4 | 19.9 2.5 | 0.166 °.156 
Sum and means} 15 —2.1 | 20.2 | 23.2 | 11.3 | 14.9 2.3 | 20.5% 1.9 | 0.255 °.159 
| | 
PsEUDO-CEPHEIDS 
—4.2to —2.8.. 14 —3.6 | 28.2 | 24.4 9.8 | or.4@ 3.7 15.6% 3.2 | 0.277 0.334 
—2.7to —o.!... 14 —1.2 | 30.6 | 22.4 | 19.3 | 19.0% 4.1 | 12.92 2.5 ©.353 ©. 308 
Sum and means} 28 —3.4 29.4 | 23.4 14.6 20.1% 2.7 | 14.2 2.0 ©.309 0.315 
RR Lyrae (M =o0.3, »=274km, V’ = —49) omitted. 


exceptionally high velocities. In the second place, as will be 
shown later, the form of frequency-function representing most 
closely the observed distribution of the space-velocities is one in 
which the logarithm of the geometrical mean of the velocities is 
one of the fundamental constants. The conversion of the geo- 
metrical into the arithmetical mean may be made readily through 
multiplication by a factor dependent upon the dispersion in the 
logarithms of the space-velocity around the mean value. This has 
been found to be fairly constant for all the groups of stars. 

Attention should be called to two points bearing on the results 
of Table I. The first is that of the effect of the selection of the 
stars. Reference has already been made to the omission of a 
number of stars of small proper motion in order to equalize the 
proportion of such stars. The effect of the selection of stars of large 
proper motion would no doubt have been very marked had all stars 
of the same spectral type been included in one group. The division 
according to absolute magnitude should, however, eliminate to a 
large extent the effect of selection, since most of the stars of large 
proper motion may be assumed to have been selected on account 
of their nearness and hence their low intrinsic brightness. A 
slight excess of rapidly moving stars of high luminosity might, 
however, be expected from a selection of stars of large proper 
motion, and this would tend to increase slightly the mean values 
of the giant stars in Table I. 
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A second point has to do with the stars of the very highest 
luminosity. This group contains some stars which have erroneously 
been estimated as too bright, and as there is a tendency toward an 
accumulation of such errors, the mean space-velocity and the mean 
tangential velocity are too large. In order to reduce this effect 
a special computation has been made for the very brightest G and 
K stars, omitting a few of the largest space-velocities. This result 
is given in the second line of the G and K subdivisions of Table I. 

From the results of Table I it appears that the values of 7, 
although somewhat larger for the brighter stars, do not show any 
very great range. Accordingly we may with sufficient accuracy 
adopt its mean value for all absolute magnitudes and spectral 
types. This value is 


r,=0.171 £0.0033. 


As will be shown in connection with the discussion of the frequency- 
law, the arithmetical mean of the space-velocities » and the most 
frequent velocity v» can be computed from the geometrical mean 
by aid of the equations 


Hence 
v=1.186 7, Vp =O.7113 2. 


The values of T and T have been computed because of their 
importance in the derivation of mean parallaxes. Since 


mM 
T=k("), 
we have approximately 
Lt 
T=R—. 
vi 
Furthermore 
Me 
T=k(")=k-, 
* 
or 


2(M—m)—1 


M 
Tt =k—==10°:? 
7 





 ——— 
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With the aid of the data given in Table I we can now compute 
the general relationship between absolute magnitude and velocity. 
The geometrical means of the space-velocities and the tangential 
velocities have been used, since these can be obtained with a higher 
degree of accuracy than the arithmetical means, but the average 
radial velocity has been used directly. The tangential velocities 
are not corrected for the solar motion. 

Two different solutions have been made. In the first solution 
we assume for each type the relationship 


log v=a+bM, 
with similar expressions for log T and log 6, and use these equations 
under the assumption that they are constant for each spectral 


TABLE II 


EQUATIONS CONNECTING ABSOLUTE MAGNITUDE WITH VELOCITY 
First SOLUTION: CONTINUOUS VARIATION 











Type | log t log T | log 0 

_ ree 1.356+0.0553 M 1.248+0.0690 M 1.149+0.0257 M 
+0.032+0.01II +0.033+0.0113 +0.0440.0154 

| rer I.415+0.0605 M I.313+0.0768 M 1.214+0.0412 M 
| =0.008+0.0021 +0.016+0.0043 +0.021+0.0067 

exc Aibn mark 1.428+0.0410 M 1.224+0.0649 M I.232+0.0338 M 
+0.018+0.0038 +0.030+0.0063 +0.017+0.0036 

See 1.456+0.0302 M I.300+0.0402 M 1.306+0.0282 M 
+0.013+0.0026 +0.019+0.0037 +0.025+0.0049 














ALL TYPES 
Space-Velocity log v= +1.408+0.0632M —0.00240M? 
+=0.011+0.0007 +0.00085 
Tangential Velocity log T=+1.256+0.0870M —0.00303M? 
+0.017+0.0098 +0.00124 
Average Radial Velocity log @=+1.219+0.0321M+0.00020M? 
+0.017£0.0103 0.00131 


type over the entire range of absolute magnitude. In the second 
solution a discontinuity is assumed for the’ K and M stars at the 
point of division between the giants and dwarfs. The evidence 
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afforded by Table I appears on the whole to be favorable to such a 
discontinuity, since the velocities of the dwarf stars of these types 
show little if any variation with absolute magnitude. 


TABLE III 


SECOND SOLUTION: SEPARATE EQUATIONS FOR GIANTS AND DWARFS OF 
Types K anp M 























Type | log v log T log @ 
M<2.5 
Riawede we-caen 1.398+0.0531 M I.232+0.0281 M 1.164+0.1062 M 
=0.024+0.0200 =0O.052+0.0440 +0.028+0.0239 
eaten yen arene | 1.455+0.0320 M 1.298+0.0440 M 1.304+0.1480 M 
+0.016+0.0213 +0.0140.01Q1 +0.012+0.0165 
All (F to M)| 1.422+0.0282 M 1.275+0.0417 M 1.232+0.0113 M 
| *0.010%0. 0062 *+0.013+0.0082 *=0.022+0.0135 
M>2.5 
| ae ee ee 1.710 1.700 1.431 
0.012 | 0.012 0.014 
MM. 1.734 | 1.645 1.578 
+0.031 +0.040 +=0.012 : 
j 
All (F to M)! 1.640+0.0126 M 1.549+0.0234 M 1.271+0.0271 M 4 
| *0.0240.0042 +=0.053+0.0089 +0.030+0.005I1 : 
Tables II and III give the values of the coefficients and their 
probable errors in the equations of the form 
log v=a+dM 
for the two solutions. Further, all the types are discussed together, 
and a term involving the square of M has then been included in 
the first solution, the form being 
log v=a+bM+cM : 


with similar expressions for the tangential and radial velecities. 
From the equations of Tables II and III we obtain tie values 
given in Table IV. The columns marked 1 and 2 under Kk, M, 
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ABSOLUTE MAGNITUDE AND VELOCITY: 


TABLE IV 


COMPUTED VALUES 
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K M All Types 
F G nae ‘ 
M I 2 I 2 | I 2 
v =GEOMETRICAL MEAN OF SPACE-VELOCITIES 
oc amintiomed 17.6 19.7 22.2 19.6 24.9 24.0 18.7 23.2 
Bea a iaanievon 20.0 22.6 24.4 92.1 26.7 26.5 22.0 24.8 
Rrra te on.7 26.0 26.8 25.0 28.6 28.5 25.6 26.4 
ae eee ee 25.8 29.9 29.4 28.2 30.6 30.7 290.4 28.2 
BSS Samaatents 290.3 34.4 32.4 31.9 32.8 33.0 33-5 | 30.1 
. 33-3 39-4 35-0], =—§-_— awe eeeefeceees 37-7 47.0 
Ce i oc Oe 37.8 45.4 1, i See Lerner 41.9 49.0 
Be he tosh ue Nias 42.8 52.2 Oe: ae Serene Meise 40.1 50.5 
Oy 5 ascanueee eae Sire Bo 2 Geers See 50.2] 52.0 
Fc x ei Gn ee ee alata SESS eae Ee ne Coos cee 54.1 53-5 
_ rere: | eemee, Una eare 57.0) 49.9) sv.s | 55.2 
ee ee ee! eee eee ee Meme er 53-5?| 54-2 60.5 50.6 
ee) Se Le Ler Jenin ses 57-3) 63.1 | 58.3 
T =GEOMETRICAL MEAN OF TANGENTIAL VELOCITIES 
 B..4670s55508 12.9 14.4 12.4 15.0 16.6 16.2 11.8 15.6 
ok Soe 15.1 7.3 14.4 16.0 18.2 18.0 14.7 7.2 
ia ss cata Geca 17.7 20.6 16.8 17.1 20.0 19.9 18.0 18.8 
a ee 20.8 24.6 19.4 18.2 21.9 22.0 21.9 20.8 
Cie teewtews 24.3 29.3 22.0 18.4 | 24.0 24.3 26.2 22.8 
Be. akaeaate 28.5 34.9 es oe 30.9 41.6 
De ree 33-4 41.7 SS ee) eee See 30.0 44.0 
Bc canes 39.2 49.8 | 35-3 ete coterie, empire. 41.2 | 46.3 
50.1 7 
FE ee, Pewee 59.4 S| ies, Sere “care 40.7 48.9 
ee ee Cer. pine me GS RD Sees, Sire pene 52.0 51.60 
_ OOO ai min Farin Same 55-3) 41.9}! 57.3 54-4 
ere ee Seer: sree 45-97] 44.2 62.2 57-5 
WINS xs ocd ae ee ee re 50. 4)| 66.5 60.7 
6 = AVERAGE RADIAL VELOCITY 
Tos wit ed ol 12.5 | 13.6] 14 6 | 9.0] 17.8] 10.2] 14.3] 16.2 
oD ise cascuen 13.3 14.9 15.8 | 11.4 19.0 14.3 15.4 16.6 
o.% a. 10.4 17.1 | 14 6 20.2 20.1 10.6 5 
a ere 15.0 18.0 18.4] 18.6 21.6 28.3 17.8 ‘7.5 
he 15.8 19.8 20.0 | 23.8 23.0 | 39.8 19.2 18.0 
, ee ee 16.8 21.8 |) i See See 20.8 23.5 
Be sale ea 17.9 23.9 23.3 ee ye 22.4 23.9 
S; ciea's ees eae 19.0 20.3 oe) a eee 24.2 25.5 
Dia wicnes axaekie see 28.9 $7.3 sista SOD Olen 26.2 97.2 
Te saccade ea eed te to = || i Snes Serene 28.4 28.9 
A Nota ete wii a= Wc toe ee adi 31 8)| 34.0) 30.8 30.8 
Se Pee) eee Sree nk Aa ern Seep 36.3>| 37.8 33.4 32.7 
+10 38.7) | 30.3 | 34.8 
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and All Types give the results derived from the two solutions, the 
first representing a continuous and the second a discontinuous 
variation. 

The geometrical means of the space-velocities may be con- 
verted into arithmetical means by multiplication with the factor 
1.186. The results are given in Table V, the values used being 
those derived from the first solution, based on the assumption of a 
continuous variation with absolute magnitude. 


TABLE V 


ARITHMETICAL MEAN OF SPACE-VELOCITY AND CORRECTED AVERAGE 
RADIAL VELOCITY 


























| 

M a A annem WARAE 
F | G K M | All | F G | K M All 
oe Ses 20.9 | 23.4 | 26.3 | 29.5 22.2 | 11.9 | 12.9 13.9 | 16.9 | 13.6 
wd 23:7 | 30.8 | 36.9 | 31.7 | 36.2 | 22.6 | 14.2 | 15.0 | 16.0 | 14.6 
eee 26.9 | 30.8 | 31.9 33-9 | 30-4 13.4 | 15.0 10.2 IQ.2 15.8 
a ee 30.0 | 35.5 | 34-0 | 39.3 | 34:9 | 14.2 7.2 | 87.5 | .§ 10.9 
eee 34.7 | 40.8 38.4 | 38.9 | 39.7 | 15-0 | 18.8 | 19.0 21.8 | 18.2 
Oh eee 39.5 | 46.8 2 | 44.7 | 10.0 | 20.7 | 20.4 19.8 
44.8 | 53.8 40.4 | 49.7 | 17.0 | 22.7 | 22.1 | 23.3 
Biiis wen G00 | St.-9 | §t-0 |..... 54.7 | 18.0 | 25.0 | 23.9 | 23.0 
ee, Aare os .2 50.0 oe Se ee | 27.5] 25.8 | 24.9 
re Loe Sete | 61.6 | 7 64.2 | R g | 27-9 | ; 27.0 
Se een Seonepee | 67.6 | 59-2 68.2 |. 30.2 | 32.3 | 20.3 
Se, eee, Seenenee. peeene | 03-5 | 71.8 ae.6 4 30.9 
ee eee |e Deena | 68.0 | 74.8 36.8 | 34.5 











The average radial velocities @ are derived from stars north of 
— 30° declination with absolute magnitudes determined at Mount 
Wilson. Consequently, on account of the effect of stream-motion, 
the values of @ require a slight systematic correction if they are 
to be compared with values obtained from stars distributed over 
the whole sky. Allowance is made for the omission of stars in the 
area south of —30° by multiplication with a factor 0.95 and the 
results of # corrected in this way are also given in Table V. 

The mean velocities for the giants and dwarfs separately 
have been computed for each spectral type and are given in 


Table VI. 
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It is of interest to compare the results for 6, the average radial 
velocity corrected for stream-motion, with those given by Camp- 
bell.t. His values are: 

F G K M 
14.4 15.9 16.9 17.1 km/sec. 

The agreement is excellent if we assume the following mean 

absolute magnitudes for the stars of Campbell’s list: 


F,+1; G,o; K,oto+1; M, —2. 


These values of the mean absolute magnitudes for the stars 
observed by Campbell appear quite reasonable, except perhaps in 


TABLE VI 


SUMMARY OF RESULTS 














I G K M 
Giants BOs i. dnd Sar 152 216 320 114 
M<2.5 __ ear o.1 0.3 0.8 o.1 
pentiee manutd OS 27.0 27.9 29.0 
Re suaates oe.7 32.0 33.1 4.4 
T 18.0 21.7 18.2 20.0 
Oe 14.1 17 18.2 21.4 
Corrected 6......0sc00% 13.4 | | 16.5 17.3 20.3 
Dwarfs ee IQI 184 148 18 
M>2.5 _ ere ‘.5 4.8 6.2 10.3 
srieiatenind a aatees 37.0 c.g 51 54.2 
Se ee rene 3.9 Or 60.8 64.3 
7 33.6 | 49.3 50.1 44.2 
ee ee 18.7 25.8 27.0 7.8 
Comeried @oc6.csciscivs 17.8 24.5 25.6 35.0 

















the case of the stars of the M type: For these stars it seems prob- 
able that the systematic motions differ somewhat from those of 
other types, and hence our values of @ need a special correction in 
order to make them comparable with those obtained from stars 
distributed over the whole sky. 


* Lick Observatory Bulletin, 6, 125 (No. 196), 191T. 
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It has been shown by Campbell’ that, if equal numbers of stars 
move in all directions, the average radial velocity should be exactly 
half the average space-velocity. This is strictly true only if stream- 
motion is neglected. A comparison of the results in Table V shows 
a remarkably close approach to this ratio among the giant stars. 
Thus for absolute magnitudes <2 we find for the ratio of space- 
velocity to radial velocity the values: 


F G K M All Types 
2.02 1.98 1.96 E37 1.92 


In view of the uncertainties introduced by possible differences 
in the systematic motions not allowed for in the determination of the 
average radial velocity, these results are rather surprising. 

For the dwarf stars the relationship holds much less closely, 
especially in types F and G. These stars in general have very high 
space-velocities, and, as will be shown in connection with an investi- 
gation of the directions of stellar motions, they exhibit very marked 
differences from the giants in their systematic motions. 

The variation of velocity with spectral type among the giant 
stars is fully confirmed by these results, the space-velocities show- 
ing it quite as well as the radial motions. The latter values, as 
already noted, are in good agreement with those of Campbell, 
except possibly for the M-type stars where the difference from those 
of type K is somewhat larger. Among the dwarf stars, the existence 
of such a relationship is very doubtful and there even appears to be 
a tendency toward a reversal of the effect found for the giants, 
the F and G stars moving more rapidly than the K and M stars. 
As already stated, the largest space-velocities are found among the 
F and G types. In view of the peculiar character of the motions 
of the rapidly moving dwarf stars it seems very doubtful if we 
can distinguish a relationship dependent upon absolute magnitude 
without a further great addition to our observational material. 

The values of the radial velocities shown in Table I among the 
very brightest stars of spectral types F and K and the Cepheid 
variables are quite comparable with those of stars of type B, and 
suggest that there is little variation with spectral type among 


t Stellar Motions, p. 215, 1914. 
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such stars. The material, however, is insufficient for a definite 
conclusion. The space-velocities of these stars cannot well be 
compared, since they are affected systematically by any accumula- 
tion of errors in their parallaxes or proper motions. 

It is clear from the results of this investigation that the giant 
stars 1s a whole are much more homogeneous in character than 
the dwarf stars and show the effects of variation of velocity with 
absolute magnitude and spectral type more clearly. The latter 
show a much wider dispersion of velocities and are subject to 
systematic motions differing from those of the giant stars. This 
is perhaps to be expected if the masses of the giant and dwarf 
stars differ to any considerable extent. 


THE FREQUENCY-LAW OF SPACE-VELOCITIES 


It is of interest to compare the observed distribution of these 
space-velocities with that given by Maxwell’s law. This assumes a 


TABLE VII 


COMPARISON OF FREQUENCY OF SPACE-VELOCITIES WITH THAT GIVEN 
BY MAXWELL’s LAw 












































F Type G Type G Type K Type K Type M Type 
M=2.5to |M=-—1.sto| M=3.5to | M=—4.0to| M=s.5to | M=—3.8to 
t $.7 +2.§ 6.6 +2.5 9-7 +1.5 
| Se ——V———— iiibiciapineetaasiae 
1 No | Ne | Mo | Me | No | Me | Me | Me | Mo | Ne | Me | OM 
km/sec. 
O-20... 33] 331 331 SS 14 14 | 107 | 107 7 7 3° 3° 
20-40....| 90 | 90 | Tor | ror 39 39 | 154] 154 28 28 57 57 
40-60....| 41 | 39] 30] 20] 45 17 58 19 | 43 27 23 13 
60-80...., 16] 5§ 17 | I 33 2 30 ° 24 II 7 I 
>80....) 47] 0 12} oOo 49 ° 16 ° 29 2 6 ° 
Total. .| 227 | 167 | 215 177 180 72 | 365 | 280 | 131 | 75 123 | IOI 
ee _ } ——__—_______— —___—___—___—_ | 
ee 0.0352 0.0428 0.0351 ©.0472 0.0263 0.0417 
Excess 
in per 
cent . 36 22 151 30 76 22 




















random distribution in direction and contains a single constant, the 
modulus /, in the equation 


3 
F(v)dv= 7 ey? dy. 


Tv 
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Determining the value of # from the numbers of velocities 
between o and 20km and 20 and 4okm, we obtain the results 
shown in Table VII. N, and N, denote the numbers of observed 
and computed velocities within the limits given. 

This comparison at once shows a large excess in the number of 
observed high velocities over that required by Maxwell’s law. It 
is especially marked among the dwarf stars and is probably due to 
the fact that a strong correlation exists among the three components 
of space-velocities, a large component along one axis being in 
general related to large components along the other two axes. 
Maxwell’s function is based upon the assumption that the three 
components are independent of one another. 

A type of frequency-function which represents much better the 
observed distribution of space-velocities is one based upon the 
assumption of a normal error-distribution of the logarithms of 
the velocities.’ If we transform such a function into one express- 
ing the frequencies of the velocities themselves instead of their 
logarithms, we obtain the form 

F(v)dv= . Mod _» (loge A)*qy | 
V mv 
the logarithms here having the base 1o. 

This function contains two constants, # and A, the former of 
which is related to the probable error in the difference log v—A by 
the equation 

00745 
V 2h 


The quantity A is the algebraic mean of the logarithms of the space- 
velocities, or, 

A=log v=log 2, 
where v represents the geometrical mean of the velocities. 


* Another type of frequency-function, involving only one constant, which repre- 
sents the distribution nearly as well as the logarithmic one, is 
' hs 
F(v)\dv=—ve—hrdy . 


This gives 
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The arithmetical mean v and the most probable value vz» are 
related to v7, h, and r by the expressions 


log v=log v+ =log v-+2.53077, 


I 
4h? Mod 


log v»= log »— =log v—5.061 7”. 


I 
2h? Mod 


Hence 
Vp VC. 
Table VIII shows how this frequency-function represents the 
observed velocities. The stars have been grouped according to 


TABLE VIII 


FREQUENCY OF SPACE-VELOCITIES ACCORDING TO LOGARITHMIC FUNCTION 






























































| F Type G Type G Type K Type y 
| M=2.sto |M=-1.s5to| M=3.5 to M=-—3.5to| M=s.5 to =—3.8to 
se S:7 +2.5 6.6 | +3.5 9.7 +z.§ 
' | — = = - a — 
| Pare lw, | wy. | | 
| No | Ne | No | Ne | No | XN, No Ri hiei &® 1 & 
km | | | | | 
O- 10.... sf gol @ | 243 2 | afi 2 18.6 | o |] o.r | 6 | 3.8 
IO- 20..... 30 | 31.7 39 | 49.2 | 11 9.9 | 82 | 88.7 | 7 3.8 | 23.5 | 26.8 
20- 90......1 §3 | 44-9 59 | 54.0 | 17 20.7 | 89 89.4 7 13.5 | 37.0 | 31.8 
90" 4O406:0 0: 37 38.7 | 42 38.7 | 21.5 | 24.9 | 65 | 62.5 21 19.9 | 20.5 | 23.1 
40> 50.... 29 28.2 | x7 | 86.$ 1 3¢.§ | 98.8 41 | 39-4| 21 20.5 | 14 | 14.6 
So- OO..... 12 | 19.2 13 15.0 | 23 20.1 | 17 24.1 a2 | 27.5 9 8.9 
60- 70 } 10 12.9 | 9.1 18.5 16.6 24 14.9 II 14.3 5 5.3 
70- 80..... 6 8.7 | 10 5.8 | 14 13.1 6 | 9.2] 13 10.8 . | oe 
80- go.. | 9 5.8 | I 3-4 | 16 | 10.6 4 | 6.2] 8 8.2 I { 1.9 
QO-100..... 8 3.9 | I 2.4180 | &.% s 1 3.03 8 5.9} 2 1.3 
100-110 2 2.7 | 2 z.§ 7 6.3 2 |} 2.6) I 4.3} 0 °.7 
IIO-120..... 2 1.8 ° °.8 4 sf eo i ss 3 a2 ° 0.6 
120-130...... I 2.3 2 °.7 .* | 68 ° 5.8 $3 | 3.4] © 0.3 
130-140...... I S.A I 0.4] 2 2.8 I 0.7 2 1.6 ° °.2 
I140-150..... 2 0.7 | 4 0.8} 8.5] 8.5 I 0.7 eT t.gt 3 o.1 
150-200 9 2.5)| | 
200-250..... ° 2.6)) 
250-300. ..... 2 3-4)\] 
300-350..... 2.5] 3-4\) >» | ae 
350-400...... 2.5 3-0/| I °.9 5-5 | 10.5) § 1.5 3 | 3-5 2 0.4 
400-450 2 2.2 | | 
450-S$00..... I 1.7/] | | 
ee 3 2.9)| | | 
Totals... . | 227. |227.0! 215 |28s © |180 [180.0 | 365 1355 © | 131 [131.0 |123 123.0 








spectral type and absolute magnitude. In the case of the F-type 
stars it was found necessary to use the sum of two frequency- 
functions, since there exists in this type a special group of stars 
of absolute magnitudes between 3 and § with velocities ranging 
from 160 to nearly 1000 km. 
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The constants of the frequency-function v and r, together with 
the arithmetical mean v and the most probable velocity v», are 
given in Table IX. 

TABLE IX 
CONSTANTS OF LOGARITHMIC FREQUENCY-FUNCTION 


| 
| 








Type m v r » v No 
km km km 

- +2.5to +5.7 35.6 0.178 24.6 2.8 207 
F +2.5to +5.7 340.0 0.104 306.0 308.0 20 
G. .| 1.5 to +2.5 29.1 0.178 20.1 35.0 215 
G. .| +3.5 to +6.6 55-9 | 0.190 36.2 67.7 180 
K.. | —3.5to +2.5 28.2 0.185 18.8 34-4 365 
_ | +5.5to +9.7 54.1 0.156 40.8 62.3 131 
_ eee —3.8to +1.5 29.7 0.171 21.1 35-2 123 





The marked difference in space-velocity between the giant and 
dwarf stars is shown clearly in the results of Table IX. 

The principal results of this investigation may be summarized as 
follows: 

1. The average space-velocities of the stars of types F, G, K, and 
M vary with absolute magnitude to a marked degree. The 
increase of velocity with decreasing brightness is most regular 
among the giant stars. Among the fainter dwarf stars, if the effect 
is present it is concealed in large measure by the individual peculi- 
arities of motion. 

2. The tangential and radial velocities show results similar to 
those obtained from the space-velocities. 

3. The increase in average space-velocity is about 3 km/sec. 
for a decrease of one magnitude in brightness. In the radial 
velocity the increase is 1.2 km/sec. 

4. The average space-velocity of the giant stars is very nearly 
twice the average radial velocity, a result which would follow strictly 
if equal numbers of stars moved in all directions. 

5. The variation of velocity with spectral type is well marked 
among the giant stars, but is much less certain among the dwarfs. 

6. The very brightest stars intrinsically of all the spectral 
types appear to have nearly equal radial velocities. 

7. The greater homogeneity of the giant stars as a class and 
their pamocrative freedom from large individual motions are 
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indicated by these results. The dwarf stars show a very wide 
dispersion in motions. 

8. The frequency of the space-velocities cannot be represented 
adequately by a distribution according to Maxwell’s law, there 
being a large excess of high velocities. A type of frequency- 
function based upon the assumption of a normal error-distribution 
in the logarithms of the velocities is found to satisfy the observa- 
tions in a much better way. 

Mount WILSON OBSERVATORY 

April 1921 





THE ELECTRIC FURNACE SPECTRUM OF 
SCANDIUM' 
By ARTHUR S. KING 
ABSTRACT 

Spectrum of scandium in arc and in electric furnace, \ 3015 to 6559 A \ highly 
purified sample of scandia, prepared by Sir William Crookes, was placed in a graphite 
boat in the tube-resistance furnace operated as usual at low pressures. The relative 
intensities of 257 lines on grating spectrograms, some obtained with the furnace at a 
temperature of 2000, 2250, or 2600° C. and others with a carbon arc containing scandia, 
are recorded in Table I, together with the classification of each according to its behavior 
in furnace and arc. About 25 lines enhanced in the arc and 150 lines enhanced in 
the furnace are indicated by E and A respectively. The 29 arc-flame lines are all A 
lines but are scattered through temperature classes I to III; they cannot be due to 
oxidation, since none took place in the furnace. On the other hand, since the band 
lines are practically absent from furnace spectra, they are probably due to the oxide. 
These results are of great interest in relation to solar and sun-spot spectra. The A 
lines and low temperature furnace lines are absent or very weak in the solar spectrum 
but gre prominent in the sun-spot spectrum. 

Zeeman effect for scandium lines in sun-spot spectra is large and apparently uni- 
form. Laboratory observations are lacking at present. 

Observations as to chemical properties of scandium.—The scandia fused in the 
furnace seemed to form a carbide with the graphite boat. The shining black residue 
turned to a gray-brown powder after exposure to the air, presumably from the reabsorp- 
tion of oxygen. 

Scandium occurs in small amounts in a number of the rare-earth 
minerals, but its extraction in a fair degree of purity is an exceed- 
ingly difficult matter, and, as its separation has not been stimulated 
by any commercial application, the substance is extremely scarce. 
The late Sir William Crookes? described his examination of a large 
number of minerals in a search for those containing scandium. 
Wiikite, found in Finland, proved to contain over 1 per cent of scan- 
dium oxide (scandia) and was used by him to furnish pure scandia. 
The final difficulty ‘n the tedious process of separation was the 
elimination of the closely related elements yttrium and ytterbium. 

The spectrum of scandium is especially interesting on account 
of the peculiar intensity relations, to be discussed presently, among 
the scandium lines in the solar spectrum. An examination of 
the behavior of the lines at various temperatures of the electric 


* Contributions from the Mount Wilson Observatory, No. 211. 
2 Philosophical Transactions, A, 209, 15, 1909. 
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furnace was therefore desirable, in order to determine the part 
which temperature may play in bringing about the peculiarities 
observed. 

Through the good offices of Professor Fowler, I have been able 
recently to obtain a sufficient amount of highly purified scandia to 
carry out the examination of the furnace spectrum. This scandia 
was prepared by Sir William Crookes. His former assistant, 
Mr. J. H. Gardiner, very kindly placed the material at my disposal 
through Professor Fowler. 

In the earlier solar investigations in which the spot spectrum 
was studied it was noted that certain lines intensified in the spot 
coincided with lines in the scandium arc, while other strong arc 
lines were absent in the spot though present in the solar spectrum 
and prominent in the chromosphere. Fowler’ explained this 
phenomenon by producing, besides the regular arc spectrum, the 
spectrum of the arc in hydrogen, which approaches that of the 
spark, and the spectrum of the flame of the arc, in which certain 
lines are given a high intensity. His results showed clearly that the 
lines prominent in the spot spectrum are those given by the flame of 
the arc and probably result from a reduced temperature in the spot, 
whi'e the scandium lines missing from the spot spectrum are 
enhanced lines, though present often with considerable intensity 
in the arc. The occurrence of three distinct types, enhanced, arc, 
and flame lines, in the scandium arc is a feature shown by some 
other elements, notably titanium, the low-temperature lines of 
which have been selected by the furnace,? while many lines promi- 
nent in the arc are much enhanced in the spark. 


EXPERIMENTAL METHOD 

The tube-resistance furnace was operated as usual, the chamber 
being pumped out to a few millimeters’ pressure. To avoid scatter- 
ing of the scandia in the tube, the powder was put in a small com- 
bustion boat of graphite, which was placed at the middle of the 
furnace-tube. The image of the space above this boat was focused 
on the slit of the spectrograph. The scandia fused in the boat, 

t Tbid., A, 209, 47, 1909. 

2 Mt. Wilson Contr., No. 76; Astrophysical Journal, 39, 139, 1914. 
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entering to some extent into the graphite as if a carbide were 
formed. The fused residue was a shin’ng black when removed from 
the tube, but after exposure to the air for some time turned to a 
gray-brown powder, presumably from the reabsorption of oxygen. 

The spectrograms were made with a 15-foot concave-grating 
spectrograph, the second order with a dispersion of 1 mm=1.86A 
being used for the ultra-violet, and the first order for the region 
from \ 3800 into the red. 


EXPLANATION OF THE TABLE 


The method followed in the study of the furnace spectrum of 
scandium was the usual one of selecting three temperature stages, 
the lowest of which gives a small number of distinctive lines. These 
lines are of two kinds, some remaining practically unchanged or 
even losing in strength as the temperature is increased, while others 
strengthen with rising temperature and frequently show wide 
reversals. These two kinds of lines are given in Table I as belong- 
ing to Class I and Class II respectively. 

A higher stage, designated as medium temperature, brings out a 
large number of lines, placed as a rule in Class III, while a still 
higher temperature gives the lines of Class IV. Still other lines, 
which are absent or very faint in the high-temperature furnace, 
go into Class V. The furnace temperatures required to bring 
out lines of.these various classes differ with different elements. 
For scandium the three stages selected were 1g00° to 2000° C. for 
the low, 2250° for the medium, and 2600° for the high tempera- 
ture. 

In Table I, the wave-lengths in the first column are those of 
Exner and Haschek' for the arc spectrum. The arc wave-lengths 
measured by Fowler? cover the visible spectrum beginning at A 3934 
and include some lines not measured by Exner and Haschek. 
The wave-lengths, according to Fowler, of such lines are denoted 
by a dagger. The enhanced lines of scandium form an important 
class. I have taken Fowler’s selection of these and designated 
them by “E” after the class-number. Finally, a large proportion 

* Spektren der Elemente bei normalem Druck, Leipzig, 1911. 


2 Loc. cit. 
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TABLE I 
TEMPERATURE CLASSIFICATION OF ScANDIUM LINES 

































































i | FURNACE INTENSITIES | 
eit , Arc j ‘ ieee 
a INTENSITY High | Medium Low ase 
Temperature | Temperature Temperature 

301§.50".... 8 5r 3 2 II 
3019.48*.... 10 5r 3 2 II 
3030.87"... . 3 2 2 I | II 
| i Sr I CE Biidudauceweds IIIA 
3056.37 I I Se ee ae nee o IV 
ce.) I S ss Mbt atgnaretedang alata inate mee | IV 
— ee 6 I5r 1or Io IA 
3270.08...... 15 40R 30R 15 ITA 
i? ee 20 50R 50R 20 | ITA 
i eS I 5 H a Cee ea eee IILA 
3343.42". I 4 GC Booedivsacade IITA 
3340.30..... I 4 { a ee ee IITA 
ee I D.  Bitcasowanneitviaseivedaie’ IVA 
3352.19 2 Rs Biéipsan wig ew eins waceraa dew IV 
3353.90..... 10 8 8 I IIT 
200.84..... 6 6 en Sree eres | III 
3361.48 6 6 M- Bitinwtewaccas III 
969.32..... 6 6 eM a ele a Be III 
3365.01..... I 5 ae ee eee IIA 
oe 8 8 a ee ae = III 
cy 12 10 10 I III 
3386.02..... I | 2 Se Betncawweces IVA 
3416.80..... 2 | 4 SC Bidncivkvancs IIIA 
429.34 3 8 i eas IIA 
3429.61 3 8 Se Bea IIIA 
3431.50 3 8 ae eee IIA 
3435.68. 5 12 | ae eee se TIA 
oe ee I | 3 ce Bivrisepenade IIIA 
$440.31 .:...... I 5 | 2 | IITA 
3444.13..... I 4 a oo IIIA 
3448.62..... I | 4 I Bg ie aaa gia Sa | IIIA 
$467.96... 3 8 | 5 eee ey IITA 
3402.20..... 2 5 3 we IIA 
3409.70 I | 4 | 2 : IIIA 
3469.84..... I | 3 I IIA 
3409.05 2 6 | 4 - IIIA 
1. 6 7 6 | Ill 
3558. 69* 7 8 | 8 3 II 
3667.80. ...... 6 6 4 | 2 II 
tt Roe oe 20 20 20 | 10 II 
3576.53 8 10 10 4 | II 
i 7 8 10 4 I] 
3589.81.....| 6 6 5 2 II 
3590.67.....| 6 6 5 | 2 II 
3014.00..... 30 25 25 15 II 
3630.93. | 12 | 12 15 8 | II 
ee I ? | I III 
9642.00..... 25 20 20 | 7 II 
9045.50... .. 10 | 15 8 2 | Il 
3647.05..... I 4 I | III A 
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FURNACE INTENSITIES 














iN 

= : AR« cilia aia imei aici es 

' nee INTENSITY High } Medium | Low _ 

| Temperature Temperature Temperature 

3662.01... ++! 7 8 6 2 III 
9667.75..... tr 3 I IIA 
3006.68.....| 2 3 I ? | Ill 
3895.11.....] I 2 tr | IVA 
3907.69..... 75 75R 60 | 15 II 
3912.03.....| 100 100R 80 | 5 Il 
3915-09...--| tr I IVA 
SS 20 25r 15 10 II 
3062.43.....+| I 2 IVA 
4090.70... .. 30 30r 20 20 I 
anra.68:..... | 5 3 tr IV I 
4020.60.. 75 75R 60 40 | II 
4023.36". ... 2 5? I IIIA 
4023.88..... 100 100R 80 40 II 
a) 2 5 2 IIA 
a ae 2 4 I IIIA 
4030.98.....| 2 a) Serer ee IV 
4043.97..... 2 6 3 IIL A 
4040.54..... 2 7 3 IIIA 
4067.06..... 25 25r 25 20 I 
4050.00..... 2 5 2 IIIA 
4052.60... ..'. I 2 tr Site IVA 
=: 35 4oR 40 40 I 
2066.72...... 4 8 4 Tr IIIA 
6007 ES. .00% 2 6 3 IIA 
BOIS. ES. 0.0 2 7 * ILA 
Q078.70...«. 2 6 3 IIA 
4082.60..... 40 30R 40 50 I 
4086.15..... I 2 I TILA 
4086.80..... 4 5 3 III 
4067.28..... | 8 | 5 III 
4605.03...... I 4 I IITA 
£624;90...... 8 8 7 III 
Oi40.42...%. 10 8 7 III 
a 12 10 8 | III 
S005. 30...5.<. 12 10 10 Ill 
a ee ee I 3 2 ILA 
PC ie. ae 2 6 2 Tif A 
4210.90.....| 2 7 2 IIIA 
4222.07f. I 3 tr IVA 
4225.76*....| 2 5? 2 = IIIA 
£252.53... 2 5 I iS IVA 
ce | ee 3 8 2 IIL A 
4237.90..... 2 3 tr IV 
@ia0.8f...... 6 fe) 5 III 
ey 2 5 I IVA 
4246.27... I 5 I IVA 
re. 75 10 10 IIE 
4259.86T I I IV 
oe : ee 2 6 I ; IVA 
4286.71 I 5 tr ee IVA 
4204.94..... 10 2 IVE 
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TABLE I—Continued 





FURNACE INTENSITIES 
Seca AND Arc ik = alll ee a ee ee CI ASS 
"HASCHEK INTENSITY High Medium Low : 
Temperature | Temperature Temperature 

4305.89 10 2 IVE 
4314.31 100 IO 5 | HIE 
4320.98 75 re) 4 HIE 
ry a + ee sO 8 3 - ; IIE 
4348.67.... tr 2 -_ IVA 
$252.90. 62 tr 2 — wel IVA 
4354.79 5 , VE 
4358.85 4 10 3 IIL A 
4359.25 2 4 I IITA 
4359.81 I 2 tr en, IVA 
4305.08 I 3 2 Deans vate IITA 
4374.69 60 8 3 TILE 
4375.32 I 4 I IIA 
4381.41 tr 3 I IITA 
4384.98* 8 | ? ? | IVE? 
4389.76 2 6 I IVA 
4400.63 50 7 2 IIE 
4415.75 40 7 2 | Ill I 
4431.52 4 VI 
4542.74 2 8 3 IIA 
4544.80* 5 10 4 . | IITA 
4557.45 5 7 2 III 
4574.20 6 8 3 Ill 
4579.13 ; I 6 I IVA 
4593.15.... 3 3 tr | IV 
4598. 32. I 3 SS Picusccuss IVA 
4598.63.....] 3 5 I IV 
4004.89 (1 6 I IVA 
4609 . 09 (0) 6 | 2 WIA 
4010.15 (0) 4 I HiA 
4070.60* 15 | ? | IVE 
4709.51 5 4 2 Ill 
4721.00 (o) 6 | 3 IIIA 
4728.08. 5 8 8 | tr | III 
4729.40 30 20 | 25 3 III 
4732 48* 2 §f y , —— IVA 
4734.30 15 15 | 20 4 III 
69737 BS. 06.) 20 18 20 | 6 III 
4741.23 ji 30 30 30 8 Ill 
4744.03.. 40 40 40 10 III 
a7e0.4%.... (1) 3 tr IVA 
4749.15.....| (1) 2 | IVA 
4753-3605. 15 20 60 150 IA 
6760.28. 04% (1) 4 | I IIA 
4703.30.....| (3) 7 I IVA 
oo.  ) (1) 2 | IVA 
4779.59..... 20 25 80 200 IA 
O768 94. 62s. 4 * 20 20 20 IA 
4798.10... (o) tr IV 
4827.48 4 12 3 II] 
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TABLE I—Continued 


























‘ | FURNACE INTENSITIES 
; Arc — ehaaiel 
— INTENSITY High | Medium Low 
Temperature | Temperature Temperature 

4840.05. 2 6 tr 
4841.04* tr 4 2? 
re. ee 3 10 3 
Po ee 2 10 3 
4859.35 (0) 2 
4878.32 (2) 4 | tr 
4880.03..... (1) 5 tr | 
4500. 54. 20.0: (1) 3 
4603.20..... (1) 4 tr 
S000.07..... (2) 15 3 } 
4000.06 «6+. 3 25 6 
@044.0%..... (2) 20 5 
4934.30* (1) a? I 
4935-95..... (1) 4 I 
4941.51 2 10 * 
4951.46T (1) 7 I 
Ps (1) 6 I 
4954.22.. 5 30 7 
4073.84....- 3 12 4 
re oe 4 15 4 
4983.60*. 2 20 3 
4002.14..5.. 5 15 3 
4005-24045. (1) 7 I 
SO9G.50..... (2) 8 2 - 
a | (2) 3 
5021.70..... (2) 5 | 
S600. 93...:. IO I 
5032.90 (1) 2 } | 
eg08.82..... 10 15 5 tr 
5000.0§.....- 2 2 I 
> * ee 40 30 10 I 
Ce re 10 10 4 tr | 
SO0t 00... 125 40 40 20 | 
ie So 30 30 12 
oa Oy. re 40 15 15 6 
5087.18”. 40 ? 15 6 
6087.32". 10 ? I 
$090.30. .... 8 5. | I 
5092.63 I 3° 
NOGO. G2. «+. 30 15 4 I 
5099. 41*. 40 30°? 8 | 
SIOI.30*. 20 25°? 5 I 
5109. 25*. 3 ? I 
eu23.68". 4 ? I 
6070.86"... .5] fe) ? | 2 
“990. 90... -+ 20 15 | I | 
C9t, 60::...... (o) 2 | 
5219.06f... (o) I 
g919:90..... 10 10 I | 
§240.00..... 2 l I 
S268. 52... 6 15 15 I | 
ae tr 2 
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TABLE I—Continued 






































FURNACE INTENSITIES 
iden AND Arc | CLass 
“HASCHEK INTENSITY High | Medium | Low = 
Temperature | Temperature | Temperature 

5955.08. <\-5 IO Io I Saye IV 
5302.25... 2 60 20 12 IIA 
5314.91T....| tr 2 [reese eee i ey ee ee IVA 
oe  , eo tr 2 eer. ee eee ; IVA 
J Se I tr = ae ee IVE 
5323.26T....| tr 3 EER CA eer IV. 
6323.087.....1 (o) tr Ey schgore ee bt oe exit oN ieore IV 
5331-95 | 3 IO | ae eee IVA 
ct) i tr I err ret: eae IVA 
— Ss 8 12 | 2 IV 
a ae 8 12 2 IV 
Ce. IO 50 40 30 ILA 
5349.49 50 20 5 / Ill 
5349.88..... 15 70 | 50 40 ITA 
StOO.46. <.0.< 4 10 I a IVA 
S205 10F...5.. 8 10 2 spekess ae III 
©2366. 20. 5.0% 60 30 6 I | III 
5296.53. a 2 20 4 . Ill 
$302.26... 30 30 5 tr | Ill 
5416.32 .| 2 2 I | III 
5425.76 2 3 I ine III 
6490.68... | 2 3 a Spee ee Ill 
5433-45 2 2 I III 
C438. 00; «<0: I 2 “Se eas IIA 
oe” ae 2 3 E> ~ Beiswematees Ill 
049.80... . 2 3 S. Beutler. Ill 
5440.41 20 20 ae ogee Ill 
5447 66T | I I TULL IV 
2 6 12 ae BRE IIIA 
5455.50. 1 2 cE ° Weanceass = IIL A 
5405.44. | tr I Doing, TN: pa IVA 
5405.03. | 2 2 I Ill 
§679.48..%.; 3 3 I Ill 
$002.90... 631: | 100 40 15 3 Ill 
s4a.80..... 80 30 10 2 II! 
i!) 80 30 10 2 Ill 
5520.72%..... | 100 40 | I5 3 III 
6897 04... Se BoswhueSecsadiwesecoesencheies otoes VE 
ge47. TO. . 3 3 meee IV 
5540 637. I I fereterrrcrs | o« re | IV 
S20. 5O..... | 4 | fe) 2 chal er St | IIIA 
5591.55. 15 30 3 ioe IV A 
5004.35.. I I alae ay I\ 
5024.08f. I I Secale, 6st ea : IV 
5632. 23° I 3° ee a IV AP 
5641.18 | 2 ¥ : VE 
5040.55 4 5 I sae | IV 
5647.78T. I RB «Raced eee ene | IVA 
S000.75 «<4 | 6 10 I IV 
a Se 15 tr VE 
s6s8. s¢ 2 , - : rere oral VE 
5661. 86T tr I ie pees IVA 
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FURNACE INTENSITIES 
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EXNER AND 7... CLASS 
HASCHEK , High Medium Low 

| Temperature Temperature Temperature 





5607.38. 

500g. 20 2 I\ 
5672.05 200 200 200 | 60 I] 
5684.41... 8 tr | | \ 
<687.00.....| 150 125 125 40 I] 
S601. 557... .| O tr I\ 
S700. 35.0...1 100 100 100 3 I] 
S706. OF. «+s 15 100 10 3 II] 
S70 .OO> .. «+ 100 200 150 20 Il] 
§717-§2....-| 5 100 10 | 3 Ill 
5721.20 tr tr I\ 
5724.30 15 100 10 | 3 II 
5739-531 2 4 tr | [\ 
SHAT. GOT. « I 5 I | I\ 
5894.53T 3 tr | I\ 
S019. 217... .} tr | 5 tr I\ 
a.) 4 4 tr I\ 
5909 a7... 3 | 3 tr l\ 
CC a 20 30 3 | I\ 
6021.92T.. O I I\ 
6626.37... 15 20 2 IV 
6146.50T... (3 20 2 I\ 
6193.941.. 3) 100 100 | 10 Il 
6195.60... 2) 10 I | I\ 
6210.85.....| 200 500 500 800 I 
6239.64*. 20 500 500 200 | Il. 
6240.00... 100 200 200 500 I 
6245.83. 8 tr | \ 
oS 15 20 I IV 
6259.20 100 300 300 400 I 
6262.50.....] IO 15 I | I\ 
6273.37T..--.| (o) tr I\ 
6276.52..... 15 300 200 | 100 I] 
6284.66T....| 5 5 tr IV 
6293.30..... | (2 4 tr | I\ 
6298.00f. . | (o) tr 1\ 
6705.04... 400 500 600 1500 I 
6306.26*.... 20 100 100 100 I 
6332.45..... | (1) 2 tr I\ 
6245 .00......| 5 100 75 50 IT / 
6370.07. .... | 40 300 300 300 [ 
63290.02..... | 2 2 | tr | L\ 
ae | 2 2 IV 
6400.67..... (1) I I\ 
Gens. S75...) 50 400 400 400 I 
6448.42T....| I 100 50 20 II 
6486. 567*. (o 2? I\ 
6525.847"....| (3) 1? IV: 
6558. 28T*.. . .| 15 Ws tr L\ 
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r REMARKS 
3015-3040 Weakened at high temperature through incipient absorption and 
appear readily in absorption when continuous ground is present. 
d 3040 is faint in arc, given intensity 1 by Exner and Haschek. 


3343 Probably double. 

3559. Blend Ti. Probable intensity of Ti line subtracted. 
3035. Blend with impurity line at high temperature. 
4023.36. Blend with \ 4023.88 at high temperature. 

4220. Blend with impurity line at high temperature. 
4385. Blend V. Very faint in furnace. 

4545. Blend Ti. Probable intensity of Ti line subtracted. 
4671. Blend V. Faint if present in furnace. 

4732. Disturbed by carbon. 

4841. Blend Ti at medium temperature. 

4934. Slightly affected by Ba blend 

4084. Probably double. 

5087-5117. Disturbed by carbon. 

5631. Disturbed by carbon. 

6239.64. Measured in low-temperature furnace. 

6300. 26. Measured in low-temperature furnace. 


6487, 6526, 6558. Disturbed at high temperature by band lines probably due to 
carbon. 


of the scandium lines are found to be relatively strong in the furnace, 
at least at high temperatures, as compared with the arc. These 
are indicated by “A” after the class-number. The large number 
of these lines results in a measure from the choice of standard 
intensities in the arc and furnace spectra, but is chiefly due to the 
fact that there is less contrast among the scandium lines in the 
furnace than in the arc. Consequently faint lines often come out 
distinctly in the furnace, and if such lines were given the same 
intensity in arc and furnace very high values would have to be 
assigned to the stronger lines in the arc. The general meaning 
of ‘‘A” after the class-number then is that the furnace conditions 
are relatively favorable for the line in question 

The arc intensities entered in the second column were estimated 
from photographs taken with scandia in the carbon arc. Not desir- 
ing to use much scandia for a minor part of the investigation, 
I made but one set of arc spectrograms, consequently there was 
no variation of the arc conditions. Some of the fainter arc lines 
measured by Exner and Haschek and by Fowler did not show in 
my arc spectra, usually on account of disturbance by the prominent 
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flutings. In such cases the arc values, usually from Fowler’s list, 
are entered in parentheses. 

An asterisk adjacent to the wave-length in Table I refers to a 
note among the “Remarks”’ at the end of the table. When a 
trace only of a line is to be seen, the intensity is denoted by “tr.”’ 

DISCUSSION 

1. Noteworthy lines of scandium.—The temperature of approxi- 
mately 2000°, designated as “‘low”’ for scandium, is about the 
same as has been employed as a medium temperature for several 
elements previously studied, so that the occurrence of low- 
temperature lines at wave-lengths as short as \ 3000 presents no 
anomaly. 2980.87 is prcvably to be classed with AA 3015.50 
and 3019.48, as it appeared a” 2000°, but it is too near the end of the 
plates to show on those taken at higher temperature. Ad 3255.81, 
3270.08, 3273.79 are strong and easily reversible lines. They 
maintain about the same relative strength except at low tempera- 
ture, when the persistence of the first of the group justifies placing 
it in Class I. In this region, and throughout the spectrum, many 
lines remain about as strong at 2300° as at 2600°. Plates taken at 
2100° showed lines of this type just appearing. Their absence 
in most cases at 2000° causes them to be placed in Class ITI. 

Several strong lines occur in the violet, from \ 3908 to A 4083. 
These are strong in the arc and reverse in the furnace at high 
temperature, retaining a considerable intensity at lower tempera- 
tures. From 4100 to 44700, the furnace gives no strong lines, 
and such lines as appear do not show at low temperature. The 
strong lines given in this region by the arc are uniformly classed 
as enhanced lines. Near \ 4750 a prominent group occurs, includ- 
ing the remarkable Class I lines \X 4753.34 and 4779.59. These 
are not notably strong at high temperature, though their low density 
is caused partly by the beginning of reversal. At low temperature, 
however, they are much the strongest lines of the region, indeed, of 
the whole visible spectrum, with the exception of the very strong 
lines in the red. 

Through the green and yellow the prominent lines are mostly 
arc lines which diminish gradually in strength with decreasing 
furnace temperature. 
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The region from \ 6146 to \ 6448 contains some very noteworthy 
lines. The stronger ones are relatively stronger in the furnace than 
inthearc. Two of them, Ad 6240 and 6306, have faint companions 
in the arc which have not been previously measured. These 
weak companions attain high intensities in the furnace and were 
measured on low-temperature furnace plates as \ 6239.64 and 
6306.26. The lines in this red group are of three types, Class II 
and two varieties of Class I lines, some of the latter having about 
equal strength at all temperatures, and others being very strong 
at low temperature. A contrast between these two kinds of Class I 
lines is offered in the close pair \ 6305.94 and A 6306.26, the 
former becoming three times as strong at low temperature as at 
high, while the latter retains the same strength at all the three 
temperatures. Especially notable is \ 6448.42. This has been 
measured in the arc only by Fowler. I have found it as a very 
faint line on a strong arc spectrum. In the furnace it is strong at 
all temperatures, but shows the behavior usually associated with 
strong arc lines, falling off rapidly with decreasing temperature. 
Fowler does not include it among the lines strong in the flame of 
the arc. It is difficult to account for a line of this type on the 
basis of dependence on intensity of excitation, as the arc condi- 
tions are distinctly unfavorable for it and it is relatively weak also 
at the low furnace temperatures. There being no reason to ascribe 
the line to an impurity, it must for the present be regarded as 
especially sensitive to some feature peculiar to the furnace radiation. 
6345.06 shows a similar, though less pronounced, behavior in 
arc and furnace. 

In addition to this type we have all gradations of intensity at 
different furnace temperatures for lines which are faint in the arc. 
Those of Class IA may be regarded as responding especially to 
low temperature. The many lines belonging to Class IV A, which, 
while faint in the arc, are strong at high furnace temperature, 
appear to respond only to a limited range of excitation. 

2. Enhanced lines.—In the scandium spectrum we find the 
furnace able to produce with considerable intensity a number of 
enhanced lines. Of those given by Fowler in the visible region, and 
sufficiently strong in the arc to be entered in my list, ro are in 
Class V, 8 in Class IV, and 7 in Class III. This means that at 2250° 
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some enhanced lines are given distinctly by the furnace. In most 
cases these are much stronger at 2600°, though A 4247 is an excep- 
tional line show:ng about the same strength at both temperatures. 
In every case the relative intensity in the arc as compared with the 
furnace is much greater than that of the regular arc lines. 

In the furnace data given here, and previously, we have a 
confirmation of the view regarding enhanced lines expressed by 
Fowler in his paper on the scandium spectrum.’ He called atten- 
tion to the fact that in the spectra of titanium, calcium, strontium, 
and barium, as well as of scandium, the arc gives strong lines which 
have all the characteristics of enhanced lines. The furnace results 
show the relation among the enhanced lines of these several ele- 
ments. Those of titanium? are just visible in the high-temperature 
furnace and are placed in Class V. Some of the scandium enhanced 
lines appear at medium temperature and go into Class III, while 
the H and K lines of calcium and the homologous pairs of strontium 
and barium: persist with considerable strength at temperatures as 
low as 1650°, and on account of their rapid increase at higher 
temperatures and in the arc are assigned to Class ILI. 

Enhanced lines of different elements thus differ greatly as to the 
excitation required for their initial appearance. When given at all 
by the furnace, they agree in their rapid strengthening with increase 
of temperature and in the arc and finally in the great intensification 
shown in the spark. The last feature distinguishes them from the 
large group of high-temperature lines which in laboratory sources 
reach their maximum intensity in the arc and are unaffected or 
even weakened in the spark. 

3. Comparison of arc-flame and low-temperature furnace lines.— 
By proper manipulation of the arc, a spectrum from the outer 
vapors can often be obtained which differs materially from that of 
the vapor in the direct path between the electrodes. The lines 
relatively strong in this ‘‘arc flame” are usually considered as the 
low-temperature lines, though in the arc the action of temperature 

*Op. cit., p. $2. 

2 Mt. Wilson Contr., No. 76; Astrophysical Journal, 39, 139, 1914. 


3 Mt. Wilson Contr., No. 150; Astrophysical Journal, 48, 13, 1918. 
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may be complicated by the vigorous oxidation taking place in the 
enveloping vapor. 

Fowler’ lists 29 of the principal arc-flame lines of scandium for 
the visible region and compares them with the corresponding sun- 
spot lines. All of these are strong in the furnace, usually at low 
temperature, though some belong in Class III. These lines, 
however, are strong also in the regular spectrum of the arc, in 
which the radiation of flame and core are superposed. In the 
same region the furnace gives 13 strong furnace lines not in Fowler’s 
list. These are often stronger at low temperature than some of the 
arc-flame lines. All of them, however, are relatively weak in the 
arc, being lines with “A” after the class-number. This comparison 
shows how far the arc flame may be used to select low-temperature 
lines and also its limitation in this respect, in that it does not 
bring out with any notable intensity those lines which are faint in 
the core of the arc and, for some reason at present obscure, are 
strong in the furnace spectrum. 

In the iron spectrum, the degree of extension into the flame 
o! the arc of the various classes of furnace lines was studied by the 
write ? and it was then remarked that lines of Class I A appear to be 
radiated almost entirely by the outer vapors but are inherently 
very faint. For the study of such lines the furnace conditions are 
very advantageous. 

The fact that the low-temperature furnace in a partial vacuum 
gives all of the lines prominent in the scandium arc flame and a 
number besides, is evidence that the oxidation in the arc flame is not 
influential in producing the lines observed, but that they are due 
to the reduced temperature in this region of the arc. 

4. Band spectrum.—The flutings prominent in the scandium 
arc burning in air were usually entirely absent in the furnace 
photographs. Only on some long exposures at low temperature 
was the head of the orange band at \ 6036 visible, and but one 
of these showed any development of structure. This evidence, 
as far as it goes, favors the view that the bands are due to the 
oxide, since, although the material was initially in the oxide form, it 

' Op. cit., p. 69. . 

2 Mt. Wilson Contr., No. 66; Astrophysical Journal, 37, 239, 1913. 
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appeared to be reduced at once with the formation of a carbide, in 
which case the oxygen would unite with the carbon of the tube. 
The prolonged exposures in some cases may have allowed a little 
oxygen from the residue of air in the chamber to combine sufficiently 
with the scandium vapor to show the one band observed. If the 
flutings were due to scandium itself they should have appeared at 
one of the temperatures used, since in general the vacuum furnace 
is very effective in producing a banded spectum when this is due 
to the metal being vaporized. 

5. Comparison with solar and sun-spot spectra.—The data now 
available furnish an extension of the observations of Fowler in 
regard to the scandium lines occurring in solar and spot spectra. 
In the first place a comparison of the lines in Table I with Rowland’s 
“Table of Solar Spectrum Wave-Lengths” shows that, though only 
a few are identified by Rowland as belonging to scandium, and 
these in almost all cases enhanced lines, a large proportion of the 
scandium wave-lengths agree closely with those of solar lines. A 





number of these probable coincidences are listed by Lockyer and 
Baxendall.t The strength of scandium lines in the sun bears a 
rather close relation to the degree of electrical excitation in the 
laboratory, the strongest, graded 3, 4, or 5 on the Rowland scale, 
being enhanced lines or those strong in both arc and spark. Those 
showing no marked response to electrical excitation, but often 
strong in both furnace and arc, are faint in the sun, usually below 
intensity 1; while lines relatively strong in the furnace, designated 
by “‘A”’ after the class-number, are uniformly either of intensity 000 
or oooo in the sun, or entirely absent from Rowland’s table. In 
this latter class the pronounced low-temperature lines AX 4753 and 
4780 have no counterparts in the solar spectrum and such powerful 
furnace lines as AA 6194, 6259, 6306, 6379, 6413 are either lacking 
or just at the limit of visibility. 

A comparison with the sun-spot spectrum showed a decided 
prominence of the lines which are strong in the furnace. For this 
purpose the lines in Table I of intensity 10 or higher in the furnace 
spectrum were selected. While some of them are indistinct or 
disturbed by blends, there is little question that these lines are 


* Proceedings of the Royal Society, 74, 538, 1905. 
g 2 3 B) 
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very generally present in the spot spectrum, and a striking increase 
appears regularly over the intensities in the solar disk. 

The material available was used in two ways. First, a com- 
parison was made with a list of spot lines compiled several years 
ago from spectrograms of moderate dispersion. In these the effect 
of the magnetic field in the spot was usually simply to widen the 
line, so that intensity estimates were more easily made than when 
the lines are resolved into magnetic doublets. In this list low- 
temperature scandium lines not visible in the solar spectrum often 
appeared in the spot with a value of at least oo on the Rowland 
scale, while \ 6413.57 of this type reaches an intensity of 2 in the 
spot. Lines with a solar strength of oo00 or oo usually strengthen 
to 2 or higher in the spot. 

The second comparison was with the more recent large-scale 
spectra in which, by means of a nicol prism and compound quarter- 
wave plate, the intensity of the line and also its response to the 
magnetic field is recorded across the spot and over a portion of 
the disk on each side. In these spectrograms the relatively high 
intensity in the spot of the scandium furnace lines is very pro- 
nounced, and many fine cases of magnetic separation occur. Lines 
faint or invisible in the solar spectrum appear with considerable 
strength in the spot, even when resolved into two components. 
Some of these magnetic doublets are very wide, notable among them 
being the strong furnace lines AA 5717, 6194, 6240, 6259, 6276, 
6306.26, 6345, 6414. As is usual with magnetic resolutions, the 
average width decreases as we proceed toward shorter wave- 
lengths, though low-temperature lines such as AX 4753 and 4780 are 
notable both for strength in the spot and for sensitiveness to the 
magnetic field. Judging from the spot spectrum, since there are 
no laboratory observations of the Zeeman effect for scandium, a 
uniformly strong response to the magnetic field characterizes this 
spectrum. 

CONCLUSION 

The varying response of spectrum lines to temperature change, 
observed in the study at different temperatures of the furnace 
spectrum of scandium, has concerned itself especially with the con- 
ditions of appearance and development of the three main types 
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enhanced, arc, and low-temperature lines—which make up the 
spectrum. The scandium enhanced lines, as regards degree of 
excitation required, stand between the enhanced lines of titanium 
and those of the type of H and K of calcium. For the lines appear- 
ing in the arc spectrum the regular temperature classification is 
carried out. The group of arc lines given by the arc flame con- 
sists of prominent low-temperature lines, but, since many lines 
strong in the furnace are relatively weak in all parts of the arc, 
additional data on this type of line are supplied by the furnace 
spectrum. 

The explanation advanced by Fowler as to the relative strength 
of the different types of scandium lines in the solar and sun-spot 
spectra is fully confirmed by their varying response to the furnace 
excitation. The strong low-temperature lines, faint or lacking 
in the disk, are distinctly brought out in the spot, and, especially in 
the red, show high sensitiveness to the magnetic field. A com- 
parison of the Zeeman effect for scandium in the laboratory with 
that shown in spot spectra and a fuller listing of the scandium lines 
present in the sun are needed to give this element its due place 
among those on which solar studies are based. 
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MAGNETIC ROTARY DISPERSION IN TRANS- 
PARENT LIQUIDS 
By R. A. CASTLEMAN, Jr., Axo E. O. HULBURT 
ABSTRACT 


Magnetic rotary dispersion of isotropic transparent media.—The electron theory 
as given by H. A. Lorentz is extended, and a formula for the rotation in a range of 
spectrum in which electrons of only a single type, with critical frequency c/x, need 
be considered, is developed: 

! > > 4 lo 
6=n(Cih;) + H1 fn seal L acest ; where C,/,;= = + 

Be (As) 2m?cm? 

H is field strength, / is length, yw is refractive index, c is velocity of light, and o is a 
constant which Lorentz puts equal to about 3 and Voigt puts equal to zero. To test 
this theory, substances were chosen whose dispersion was known to conform to the 
theory of Lorentz, and the magnetic rotations for carbon disulphide, a-monobromna ph- 
thalene, benzene, nitrobenzene and ethyl iodide for six wave-lengths from 436 to 620 uy 
were determined with a cell 2 cm long in a field of 6480 gauss. The angles could be 
measured to ,)° and were found to vary from 4° to 28°, increasing rapidly for each 
liquid with decreasing wave-length. Theoretical curves were computed, taking the 
values of C,, A, and w from measurements by others. Below 590 wu the experimental 
curves lie below the theoretical curves, the divergence increasing as the wave-length 
diminishes until the difference at 423 wu is from 4 to 20 per cent. It is suggested 
that this discrepancy is due to the absorption of the violet end of the spectrum which 
was neglected in the theory. The results do not decide between the values o and 4 for 
a. The values of e/m for the active electrons may be computed from /, and vary from 
0.5 to 1.78X107e.m.u. according to the liquid and to the value of o assumed. 


1. Introductory.—In 1845 Faraday discovered that isotropic 
substances when placed in a strong longitudinal magnetic field 
rotate the plane of polarization of plane-polarized light. The 
obvious explanation of this, confirmed later by Brace, was the 
same as that offered by Fresnel for the rotation observed in certain 
crystals, viz., to consider the plane-polarized beam to be com- 
posed of two circularly polarized components which travel through 
the medium with different velocities, one greater and the other 
less than the velocity of the beam in the medium when unmag- 
netized. The variation of the angle of magnetic rotation with 
the wave-length of the light has been considered theoretically by 
several writers, and the theoretical relations have been applied to 
the experimental data available. Such data appear, however, to 
be rather meager, and it seemed desirable to pursue the subject 
afresh both theoretically and experimentally. 
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We do not presume to attempt a historical summary of the 
researches on the many aspects of this subject. For a summary of 
the earlier work we make reference to an article by P. Joubin.' 
Among the more important theoretical formulae for the magnetic- 
rotation angle in terms of the wave-length, magnetic field, etc. 
were those obtained by Joubin, Voigt,? and Drude For a sum- 
mary of the experimental measurements of the magnetic-rotation 
angles we turn to the Landoldt-Bérnstein Physical Tables. There 
the data have been tabulated in many cases as the Verdet Constant, 
which is defined to be the angle of rotation of plane-polarized 
light of specified wave-length produced by a medium 1 cm in 
length when magnetized by a longitudinal magnetic field of strength 
1 gauss. These measurements were applied by Joubin and Drude 
to a dispersion theory of isotropic media, although for such a pur- 
pose the experimental data were hardly sufficiently numerous. With 
the exception of a few transparent liquids and solids the Verdet 
Constant was found either for unresolved light or for a single wave- 
length of monochromatic light. In the cases of those substances 
whose Verdet constant has been determined for a number of wave- 
lengths throughout the spectrum, one could introduce the values 
into a suitable dispersion formula to test a dispersion theory. 
Unfortunately, however, the refractive indices of most of these 
substances do not conform to any of the simpler dispersion for- 
mulae whose constants have a physical interpretation, and so these 
data are, from this standpoint, uninteresting. | 

In the present work transparent liquids were chosen whose 
dispersion conformed approximately to the electronic dispersion 
theory of H. A. Lorentz.4 The angles of magnetic rotation of 
plane-polarized light for a series of wave-lengths of light in the 
visible spectrum were measured. A formula of Lorentz giving 
the relation between the refractive index and the strength of the 
magnetic field was modified to express the magnetic-rotation angle 
in terms of the wave-length, the field strength, and other quantities. 
The formula was found to agree approximately with experiment in 

1 Théses, Faculté des Sciences, Paris, 1888. 

* Magneto- und Elektroo ptik, 1G08 


3 Lehrbuch der Optik, 1906 4 Theory of Electrons, 1909. 
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those regions of the spectrum wherein the assumptions upon which 
it was based were valid. 

2. Theoretical—Suppose plane-polarized light of wave-length 
d in vacuo traverses a length / of a medium of refractive index yp 
for the wave-length in question with a velocity v. If the medium 
is placed in a magnetic field of strength H, such that the lines of 
magnetic force are parallel to the direction of propagation of the 
light, the medium becomes doubly refracting. The two circularly 
polarized components, which compose the plane-polarized beam, 
now pass through the medium with velocities v, and v,, and the 
medium has the corresponding refractive indices pw, and 4s, 
respectively. | 

Eddy, Morley, and Miller,’ followed by Mills,? have shown by 
an interferometer method that 


U+0 
a (1) 
or 
i. t.2 
=—, (2) 
Mt M2 Fb 


This was determined by measurements on carbon disulphide. The 
accuracy of the work was none too great, because the experiment 
was a difficult one; but, within the error of observation, the fore- 
going relation was true. It may be noticed that from general con- 
siderations one would not expect (1) to be exactly true, and further 
that one would expect the difference between (1) and the exact 
truth to be small. However, we now assume that (1) is true for 
all the substances and throughout the wave-length range used in 
this investigation. 

Let @ be the observed angle in radians of the rotation of the 
plane of polarization produced by the magnetized medium. It is 
easily shown that 


_. _dO 4) 
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where J is the wave-length of the light zm vacuo. 


* Physical Review, 7, 283, 1898. 


2 Thid., 18, 65, 1904. 3 Drude, Joc. cit., p. 396. 








48 R. A. CASTLEMAN, JR., AND E. O. HULBURT 


oc e ot 
Solving (2) and (3) for w, and w,, and considering small 


a 


compared with yw, we obtain 
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Let us turn to a consideration of the dispersion theory in this 
connection. We restrict the discussion to isotropic, transparent 
media in which the temperature remains constant. We use the 
electron theory of dispersion as given by H. A. Lorentz (Joc. cit.). 
Let £ and E, be the X components of the displacement of the 
electron from its equilibrium position and the electric force, 
respectively. 7, ¢, £, and E, are the Y and Z components of these 
quantities; they are all expressed in c.g.s. electromagnetic units. 
The components of the ‘‘restoring force”’ with which the medium 
acts upon the electron are ff, fy, and ff. The charge on the 
electron in c.g.s. electromagnetic units ise, its massism. WN is the 
number of such electrons per unit volume. ¢ is a constant which 
Lorentz has shown to be approximately one-third for isotropic 
media. The external magnetic field is denoted by H in c.g:s. 
electromagnetic units. We shall suppose H to have the direction 
of the axis of Z, which is also the direction of the propagation of 
the light. The magnetic permeability of the medium is taken as 
unity. 

We find for the equations of motion of the dispersion electron 


of a single type 


lade + 410’o Vet) —ftt+eH" 
dt? oe SN dt’ 
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Let e« be the base of natural logarithms, and let all dependent 


variables of (5) contain the time only in the factor € * where 
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is the frequency, \ the wave-length of the vibration in vacuo, and 
c the velocity of light iz vacuo. The solution of (5) gives the 
refractive index yu as determined by the relation 





I ® 
= - ae (6) 
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where 
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The subscript s is used to denote the sth type of electron. © is 

A; 
the frequency of the natural undamped vibration of this electron. 
When the plus sign in equation (6) is used, uw is the uw, of (4), and 
when the minus sign is used uy is the yu, of (4). 

Equation (6) describes uw in terms of the constants of a single 
type of dispersion electron. There may be other types of disper- 
sion electrons in the medium with constants peculiar to the type, 
so that in the more general case the right-hand member of (6) 
becomes a summation of similar terms, one term for each type. 
For this case the complete dispersion formula is 


a a, | co 
I fet t 1 Gf,“ (7) 
r— — + Th, 
wei A? AF A 


We assume we are dealing with a region of the spectrum in 
which the change of the refractive index with wave-length is 
determined by the electrons of a single type, so that in the sum- 
mation of (7) all the terms except one may be replaced by a quantity 
g: which is independent of \X and H. Then (7) becomes 
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where 

; Ne? ) 

C,= 
™m | 

» (9) 

e 
h,= :4 
2mcm } 


A special case occurs when H is zero. For this (8) becomes 
equivalent to the well-known dispersion formula of Lorentz: 


oF / 

mg , (10) 
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It was expedient to transform this relation to one more amen- 
able to arithmetical computation. This was readily done because 
H i 
and .-h, were smaller than the other quantities appearing 
27 d . 
with them in the denominators by a different order of magnitude. 


Equation (11) becomes to a close approximation 


[o(u?—1)+1]? Ad 


(M2—n2)?° (12) 


6=7C hl 
6 is in radians. 

We notice that if we use either the two plus signs of (11) or 
the two minus signs, we arrive at the same equation for (12). 
This shows that equation (8) is in close agreement with (4). We 
notice also that, other quantities remaining constant, @ is propor- 
tional to / and H in turn. This agrees with the experimental 
measurements of Rodger and Watson‘ and Dubois.? 

t Phil. Trans. Roy. Soc., \ 186, 621,1896. This paper contains further references. 


2 Wied. Ann., 35, 137, 1888. 
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If o is given the value }, equation (12) becomes 


(u?+2)? did? 


6=n7C,h,Hl on OP—XS)* (13) 
When g is placed equal to 0, equation (12) becomes 
‘ioe mC h,Hl MM (14) 


wm (N—Di)?* 


Formula (14) agrees with one given by Voigt’ when his quantities 
are expressed in c.g.s. electromagnetic units. 

To compare the experimental measurements with the theory 
the following procedure was used. Values of the refractive index 
of the liquid under investigation for wave-lengths in the visible 
spectrum were taken from data published by others. Three 
values of w and the corresponding three values of X were sub- 
stituted in equation (10), and the three constants g,, C,, and A, 
were computed. Using these three constants, a fourth value of A 
was substituted in (10) and the value of yu calculated. If this 
value of u agreed approximately with the observed value, the sub- 
stance was considered to conform to the Lorentz dispersion equation 
(10) for the region of the spectrum in question. The values of 6 
for a number of wave-lengths in the visible spectrum were meas- 
ured for a known length / of the liquid subjected to a known 
magnetic field H. The constant #, was then determined by 
substituting in equation (13) the values of H, /, C,, \,, and the 
values of A, 6, and uw for a specified wave-length. @ was then 
computed by means of (13) for the other wave-lengths, and the com- 
puted value was compared with the observed value. 

3. Experimental arrangements —The arrangement of the appa- 
ratus is shown in plan in Figure 1. A gas-filled lamp with a spiral 
tungsten filament and a mercury-vapor lamp served as sources of 
light. The mercury-vapor lamp was used for observations at 
wave-lengths 435.9 wu and 546.1 uu; the tungsten lamp was used 
for observations from the green to the red end of the spectrum. 


t Loc. cit., p. 130. 
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The source of light, shown by A, Figure 1, was focused on the 
slit s, of the spectrograph by a lens /;, 3 cm in diameter and of 
focal length 22 cm. 

The spectrograph consisted of the Littrow mounting of a plane 
grating. The grating had a ruled area 6cm by 7.5 cm and was 
ruled 15,000 lines to the inch. The cone of light from slit s, was 
reflected by a right-angle glass prism through the large lens /,, 
10 cm in diameter and with a focal length of 75 cm. The spectrum 
was brought to a focus at slit s,. The grating was mounted on a 
turntable which could be rotated from the outside of the case 
containing the spectrograph, so that various wave-lengths of light 
could be made to pass through the second slit. The grating 
possessed a bright first order, and this first-order spectrum was 
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used throughout the present work. The dispersion was such that 
with slit s, o.25mm wide a beam of light containing a wave- 
length range of 5 A, or 0.5 wu, passed through. Both slit s, and 
slit s, were always 0.25 mm in width. 

The monochromatic beam of light emerging from slit s,, after 
being rendered parallel by a lens /;, 2.5 cm in diameter and of 
focal length 12.5 cm, passed through the polarizing nicol », and 
through the pierced pole pieces of a Ruhmkorff magnet between 
which the cell C containing the liquid under investigation was 
placed. The light then traversed the analyzing nicol prism 2, 
and finally entered the telescope 7. ‘The lenses /,, /,, and /; were 
achromatic doublets. 

The cell which contained the liquid was made of glass. <A 
short length, about 2 cm, of glass tubing of internal diameter 1 cm, 
to which had been sealed a small side tube, was ground until the 
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ends were plane-parallel to within 0.003cm. Glass plates with 
optically plane surfaces were cemented to this. Rubber cement, a 
mixture of lead oxide and glycerine, and LePage’s liquid glue, were 
found useful as cements in various cases. The cell was filled 
through the side tube. The length of the column of liquid was 
found by subtracting the thickness of the end plates from the 
external length of the cell. The liquids used were obtained from 
the Chemical Laboratory and were of a high degree of purity. 

The pole pieces of the Ruhmkorff magnet were elliptical in 
shape to give a uniform magnetic field; they were adjusted to be 
2.5cm apart. To calibrate the magnet, the angle of rotation 6 
for sodium light was observed for a known length of carbon disul- 
phide for a current of 26.0 amperes through the magnet. From 
6 and from the value of the Verdet constant of carbon disulphide 
for sodium light, which has been carefully determined by Rodger 
and Watson (Joc. cit.), the average strength of the magnetic field 
between the pole pieces was calculated, and was found to be 
6480 gauss. This field strength was used for all the rotation 
measurements of this paper. It was found by tests that the rota- 
tion angle 6 had the same absolute value for the magnetic field 
direct and reversed. This indicated that hysteresis effects in the 
magnet were negligible. 

The mounting of the analyzing nicol carried a circular scale 
which measured the rotation angles to one-tenth of a degree of arc. 
It was found that the analyzer could be set for extinction for all 
the wave-lengths with a precision of two-tenths of a degree. The 
values of the rotation angle were in all cases the means of at least 
four measurements, two taken with the field direct and two with 
the field reversed. It was considered that the mean angle was 
correct to one-tenth of a degree of arc. 

4. Errors and corrections.—No correction was made for the 
error due to scattered light. There were two ways in which 
scattered light might introduce systematic error into the rotation 
measurement, the first arising from light scattered by the grating, 
and the second from multiple reflections by the surfaces at the 
ends of the cell which held the liquid. To determine the effect of 
the light scattered by the grating, the beam issuing from slit s, was 
examined with a transmission grating. When the tungsten lamp 
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was used as the source of light, it was found that the beam con- 
tained light of foreign wave-lengths of rather feeble intensity; in 
the case of the mercury lamp this foreign light appeared still 
weaker. Upon looking into the telescope and setting the analyzer 
for extinction it was found that the image of slit s, did not fade 
out against an absolutely black background. Very faint light was 
seen in the field, due no doubt to the light scattered by the grat- 
ing and to imperfections throughout the optical system. The 
settings for extinction could, however, be made with precision, 
and it was deemed that the extraneous light introduced no appreci- 
able systematic errors. Any error due to multiple reflections from 
the surfaces of the ends of the glass cell was avoided by rotating 
the cell slightly until these surfaces were not perpendicular to the 
beam of light. The error which this caused in the determination 
of / was negligible. 
TABLE I 
aN 6 

436 wu 

503 

546 

579 


5890 
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It had been feared that errors due to temperature would be 
troublesome, but it was found that these fears were needless. To 
carry out a complete series of measurements of the rotation angle 
for five wave-lengths in the visible spectrum required about an 
hour. During this time the magnet heated up, and the tempera- 
ture of the liquid in the cell increased. The increase was never 
more than 3° C. In the case of carbon disulphide the temperature 
coefficient of the Verdet constant for sodium light has been deter- 
mined.’ A three-degree change in temperature changed the Verdet 
constant by about o.5 per cent. In the present case it was 
considered that errors due to temperature changes were for the 
most part less than 0.5 per cent, and that it was unnecessary to 
arrange a more accurate control of the temperature of the liquid 
in the cell. 


* Rodger and Watson, Joc. cit. 
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The rotation angle @ due to the liquid alone was obtained from 
the observed rotation angle produced by the liquid in the cell by 
subtracting from this observed angle the angle of rotation pro- 
duced by the empty cell for the wave-length in question. Table I 
shows @ for the two glass plates on the ends of the cell. The 
thickness of the two plates together was o. 315 cm, the field strength 
was 6480 gauss. The magnetic-rotation angles plotted in the 
figure have in all cases been corrected for the effect of the glass 
ends of the cell. 

5. Carbon disulphide-—The data for this substance and the 
results of the calculations are given in Table II and Figure 2. We 
shall discuss these in some detail, and shall avoid a repetition of 
the discussion for the other substances. The observed values of 
6, shown by circles in Figure 2, have been plotted as ordinates 
against wave-lengths as abscissae; a smooth line, curve 1, has 
been drawn through them. The strength of the magnetic field, 
the length of the layer of liquid, and the temperature at the begin- 
ning and the end of the experiment are shown in the first two lines 
of Table II. 

Verdet' has recorded relative values of @ for carbon disulphide 
for a number of wave-lengths in the visible spectrum. The mag- 
netic field used was not mentioned. For the sake of comparison 
the values given by Verdet have been reduced to agree with 
curve 1 for \ 589.3 uu and are shown by crosses in Figure 2. 
Joubin (loc. cit.) also carried out measurements on carbon disul- 
phide. Neither the magnetic field, nor the length of the liquid, 
nor the temperature were recorded. By a coincidence his value 
for @ at X 589.3 wu was the same as that of curve 1, namely 10°3. 
His values have been plotted as dots in Figure 2. We think that 
the measurements of curve 1 were correct, for they were repeated 
with precision a few weeks later. 

In order to introduce these experimental results into the dis- 
persion formula (10) we assume that the absorption of carbon 
disulphide is inappreciable for the visible wave-lengths in question. 
Such an assumption is manifestly not accurate, because this sub- 
stance absorbs the blue end of the spectrum to a certain extent. 


* Verdet, Oeuvres completes. 
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We take the values of the refractive index found at 20°o0 C. by 


Flatow. 





These and the corresponding wave-lengths are shown in 
the third and fourth lines of Table IT. 









Substituting these values into for- 
L mula (10), the values of the constants 
3 C:, gx, Ax Were computed and are 
. = tabulated in the fifth line of Table II. 
J The agreement between (10) and ob- 
201 servations was tested by using the 
foregoing values of the constants and 
' computing yu for \ 394 uu to be 1.7043. 
The observed value was 1.70226, and 
° 
10} 
L Carbon disulphide : 
i. iL i i i i 1 i i i 
420 500A 600 
Fic. 2 
TABLE II 
CARBON DISULPHIDE 
H =6480 gauss {=2.272 cm 
Temp. 21°2 to 22°0 C. 
A 441.6 up 508 .6 589.3 
pb 1.67180 1.64586 1.62806 at 20°0 C. 
Observed by Flatow, Anz. d. Phys., 12, 85, 1903. 
C,= 10.381 X 108 gr=0.57272 A, = 204.2 MM 


observed w= 1.70226 


A 304 MM 
calculated w=1 .7043 


h,=3.95X1075 for A 589.3 uu 


- 
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the agreement was considered sufficiently close. These numbers 
are given in lines 7 and 8 of Table II. The dispersion of carbon 
disulphide and a-monobromnapthalene has been more fully dis- 
cussed in a former paper.’ 

The constant /, was then determined by substituting in equation 
(12) the values of H, /, C,, and X, given in Table II, and the values 
of A, 6, and uw for the wave-length 589.3 uu. This gave 3.95 X1075 
for /,, as shown in the last line of Table II, when all the quantities 
were expressed in c.g.s. and c.g.s. electromagnetic units. 

The constants of (13) were now completely known, and (13) 
was then used to compute the values of @ for the range of the 
spectrum under investigation. The computed curve is shown by 
the dotted line, curve 2, of Figure 2. It is seen that the agreement 
between the observed and calculated values of 6 was fairly close 
for the longer wave-lengths, but that for the shorter wave-lengths 
the theoretical value was greater than the observed value, the 
difference between the two values increasing as the wave-length 
decreases. This difference between theory and experiment may 
be attributed, in part at least, to the neglect of the effect of absorp- 
tion in the theory. The discrepancy was in the right direction to 
be attributed to this effect, for the introduction into the theoretical 
formula of terms denoting absorption will produce a decrease in the 
computed values of @ for the shorter wave-lengths. 

In his treatise on optics Drude? has derived two theoretical 
expressions for the magnetic rotatory dispersion of isotropic media, 
one based on the ‘‘molecular stream” hypothesis, and the other on 
the ‘Hall effect”’ hypothesis. When written in a form to show the 
connection between @ and X, neglecting absorption, the two formulae 


were, respectively, 


_H ar? 4 
6= (art Gs—x5) (15) 

and 
r | a,A4 (16) 


~ pr? 13 dz)? | 


t Astrophysical Journal, 46, 1, 1917. 


2 Loc. cit., p. 406. 
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a;, @2, a;, and a, were quantities which involved the masses, the 
charges, and the numbers of the ‘‘bound” and “‘free”’ electrons, 
the strength of the magnetic field, the length of the medium, etc. 
The refractive index wave-length relation in this connection was 


(17) 


Drude applied these equations to Verdet’s magnetic-rotation meas- 
urements on carbon disulphide and creosote in the following man- 
ner. Using the value of A, obtained from (17) and two known 
values each of 6 and X, the remaining two constants of (15) or (16) 
were determined. ‘The 6-\ curve from either formula, which thus 
traversed two of the observed points, was found to pass closely to 
the remaining observed points. We do not believe, however, that 
the agreement found in this way between theory and experiment 
possesses great significance. One would not expect a theory which 
neglected absorption to portray the observations with great 
exactness. 

Joubin (Joc. cit.) has also derived a formula for the dispersion 
of magnetic rotation of somewhat the same type as (15). He 
applied this to the observations of rotations of carbon disulphide 
and creosote, which were measured for the purpose, in much the 
same manner as done by Drude. 

6. a-monobromna phthalene.—This substance was investigated 
in a manner similar to that described in the case of carbon disul- 
phide. Table III shows a portion of the data and the results of 
the calculations. This table has been compiled exactly as was 
Table II for carbon disulphide, and therefore requires no further 
explanation. The observed values of @ have been plotted as 
circles in Figure 3, and a smooth line, curve 1, has been drawn 
through them. The computed values of 6 from equation (13), 
using the constants of Table III, are shown by the dotted line, 
curve 2, of Figure 3. The differences between the observed and 
theoretical values are similar to those noted for carbon disulphide. 

7. Benzene.—The values of 6 for this substance were deter- 
mined throughout the visible spectrum. These are shown by 
circles in Figure 4, through which a smooth line, curve 1, has been 
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passed. The Verdet constant of benzene was found by Jahn‘ to 
be 0.0297 minutes of arc for sodium 
light. From the data of Figure 4 and 
~~ Table IV we obtain 0.0291 minutes 
\ of arc for the same wave-length. 
Jahn’s value is not far different from 
this. 

The computed values of @ from 
equation (13) are shown by the dotted 
line, curve 2, of Figure 4. It is seen 
that the differences between 
the observed and theoreti- 
cal values are of the same 
character as those of the 
previous cases. 


30° 












\2°L a-monobrom naphthalene 








420 500 uu 


FIG. 3 


TABLE Ill 
a-MONOBROMNAPHTHALENE 


H =6480 gauss l=2.272cm 
Temp. 23°5 to 20°7 C. 


\ 434 MB 486 5890 
ft 1.70433 1.68245 1.65876 at 19°4 C. 
Observed by Briih!, Ber. Chem. Ges., 22, 388, 1897. 
C,= 7.308 X 108 71= 0.70889 A, = 215.6 up 
observed w= 1.64995 
656 wu - . 
calculated w= 1 .6500 


h,=5.02X1075 for X 589.3 wu 


* Wied. Ann., 43, 280, 1891. 
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8. Nitrobenzene.—The results of the work on this substance are 
shown in Table V and Figure 5. The observed values of @ were 
plotted as circles in Figure 5, and a 
5° \ smooth line, curve 1, has been drawn 


\ through them. The computed values 


\ of 6 from equation (13) are shown 
by the dotted line, curve 2. 







\ Discrepancies of the same char- 
\ acter exist between the observed and 
theoretical values of 6 as were noticed 
in the preceding cases, but perhaps 
greater in magnitude. 


6° Benzene 








i lL i iL iL i i iL iL A 
420 500 up 600 
Fic. 4 
TABLE IV 
BENZENE 
IT =6480 gauss J=2.280 cm 
Temp. 22°9 to 24°6C, 
\ 434 ME 186 589 
fe 1.52380 I 51323 I. 5O1II at 20°0 C. 
Landoldt-Bérnstein Tables. 
C,=11 .643 X 10° g:=20.498908 A, =173.8 pp 


observed w= 1.49646 
A 656 wm - 
calculated uw=1.4064 


h,=5.34X1075 for X 589.3 wy 
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9. Ethyl iodide.—The circles of Figure 6 show the observations 
on this substance; a smooth line, curve 1, has been drawn through 
the observed points. Other data are 
given in Table VI. Perkin’ had de- 
- * termined the Verdet constant of 
ethyl iodide to be 0.0296 minutes of 
} \ arc for sodium light. From the pres- 
J ent data we find 0.0300 for this wave- 
lO} \ length. The two values are not 
\ greatly at variance. The computed 
} \2 values of 6 from equation (12) are 
\ shown by the dotted line, curve 2, 





yy Nitrobenzene 








i i i i i. — = i i i i 
420 SOO MAL 600 
Fic. 5 
TABLE V 
, 
NITROBENZENE 
H =6480 gauss (=2.272 cm 
Temp. 21°4 to 22°6C. 
A 486.2 wu 589.3 656.3 
fe 1.57165 1.55319 #£«=+1.54641 at 20°0 C. 
Landoldt Bérnstein Tables. 
C,=6 .066 X 108 g:= 0.62024 A, = 217.13 ye 
observed w=1.5895 
A 434.1 we 


calculated w=1.5888 


h,=2.56X1075 for X 589.3 up 


‘ Smithsonian Physical Tables, 1920. 
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Figure 6. It is seen that the discrepancies between the observed 

and theoretical values are similar to 
Is. those of the preceding cases. 

\ 10. Discussion of results—It has 

\ been demonstrated that the formula 

\ (13), which has been developed from 

\ the electron theory of Lorentz, served 

to express with a certain exactitude 

\ the dispersion of the magnetic rota- 

\ tion of certain liquids throughout 

* the visible spectrum. For the longer 
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TABLE VI 

Eruyt IODIDE 

H = 6480 gauss J=2.220cm 
Temp. 22°7 to 24°3 C. 

A 486.2 wu 589 .3 636.3 

MI.52356 I.51203 1.50738 at 20°0 C. 
Observed by Lorentz, Wied. Ann., 11, 70, 1880. 

C,=12.782X 108 gr: =0.50762 A, == 168.0 up 


observed w= 1.53437* 
A 434.1 Me 
calculated w= 1.5336 
h,=5.90X1075 for X 589.3 wm 


* Haagen, Pogg. Ann., 131, 117, 1866. 
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wave-lengths of the visible spectrum the agreement between theory 
and experiment is quite close. For the shorter wave-lengths dis- 
crepancies occur which increase as the wave-length decreases. 
The liquids investigated above possess strong absorption in the 
ultra-violet and appreciable absorption in the blue end of the 
spectrum. We may therefore reasonably attribute the discrepancy 
between theory and experiment in large part to the neglect of 
absorption. If absorption is taken into account in our equations, 
X\, is increased, and in general the modification which the constants 
of the equations undergo is such as to bring the theoretical values 
of @ into closer agreement with the observed ones. The absorp- 
tion of these substances for light has, however, not been meas- 
ured accurately, and it seems unprofitable at this time to consider 
its effect numerically. 

11. The values of e/m.—From the known value of h,, the ratio 
of the charge to the mass of the electron may be calculated by 


TABLE VII 


hs e/m 
Carbon disuiphide............ 3.951075 0.74X107 
a—monobromnaphthalene.... 5.02 0.95 
I od ociees a gsscncn, 6 Dito  eaees 5.34 1.01 
Nitrobenzene............ 2.56 ©.40 
Ethyl iodide........... 5-90 I.12 


means of formula (9). This has been done and the results are 
shown in Table VII; e/m is expressed in c.g.s. electromagnetic 
units. 

Becquerel', Voigt,? and Siertsema’ have derived formulae for 
the dispersion of the magnetic rotation, by means of which e/m 
can be found as soon as the Verdet constant and the dispersion 
du/dd of a substance for the same wave-length A are known. These 
three formulae reduce to the same one, namely 


e 206 dp 


= os. 8 
m 1H dy (18) 


* Comptes rendus, 125, 679, 1899. 


2 Wied. Ann., 67, 351, 1899. 3 Comm. Lab. Leiden, No. 82, 1902. 
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Using (18), Siertsema computed e/m for air, carbon dioxide, hydro- 
gen, water, carbon disulphide, and quartz. The numbers varied 
from 0.75 X10’ to 1.77 X10’. 

12. The effect of o« upon the calculations —The value of the 
quantity o has no very critical effect upon the variation of @ with 
wave-length. The calculated curves of the diagrams have been 
obtained by the use of 3 for o in formula (12). Ifo is put equal 
to o in (12), we arrive at Voigt’s formula (14), and if this is used 
to calculate the change of 6 with \ we find values of @ which are a 
trifle less than those obtained from (13). They are about 1 per 
cent less at \ 434 wu, but are practically the same for wave-lengths 
greater than 500 wu. Ii o is given values greater than 3, the com- 
puted values of @ are found to be somewhat greater than the 
values given by (13), and therefore in greater discordance with the 
observed values. For example, in the case of carbon disulphide, 
‘if o=2, 0 is 25°1 at 434 mpm. 

The values of e/m change to some extent when @ is given 
different values. This is shown for carbon disulphide in Table 
VIII. We conclude that, as far as the present data are concerned, 


TABLE VIII 


g ejm 

° 1.78 X 107 
3 0.74 

5 0.30 

I 0.25 


it makes little difference whether ¢ is o or 3. If, however, @ is 
increased above 3, the discrepancies between the theory and the 


observations become greater. 
In conclusion the authors take pleasure in expressing their 
thanks to Dr. J. S. Ames for valuable and constructive criticism. 


Jouns Hopkins UNIVERSITY 
February 1921 
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A STUDY OF ARC-CATHODE SPECTRA 
By ARTHUR ST. C. DUNSTAN axnp BENJAMIN A. WOOTEN 
ABSTRACT 


Arc spectra; relative intensity of metallic lines at anode and cathode.—A series of 
experiments were performed to fest various suggested explanations for the fact, amply 
verified by the authors, that metallic lines are always stronger at the cathode when 
the metal is introduced symmetrically. A horizontal arc inclosed in a furnace was fed 
with metallic vapor (Sr, Ba, Li, Cu or Pb) supplied by an altern&ting current arc 5 cm 
below. Water-cooling either electrode had no effect, and attempts to obtain separation 
of the vapors electrolytically or by electrostatic action failed. The spectrum of 
a 6o-cycle alternating current arc taken through a rotating sector synchronized to 
transmit light during only half of each cycle, was the same as that of a direct current 
arc. This proves that the phenomenon is fully developed in 1/120 second and makes 
it unlikely that it is due to the transference of the vapor from one electrode to the 
other either thermally or electrically. When small pellets of metallic salt were dropped 
through the arc, the spectrum lines were fish-shaped with the heads toward the cathode. 
The evidence as a whole indicates that the light is due chiefly to bombardment of the 
metallic vapor by electrons from the cathode. 

Variations with atomic weight.—In general the ratio of cathode to anode inten- 
sity was found to decrease as the atomic weight increased. 

The fact that in the spectra from the anode of an electric arc 
the carbon bands are strongest, while in those from the cathode 
the metallic lines are strongest, was first shown by Lockyer’s 
discovery of the long and short lines. 

The subject has been investigated by Thomas," Miss Baldwin,’ 


© and Konneman.’ 


Foley,’ Beckmann,* Humphreys,’ Oellers, 

In genera’ the explanations offered may be divided into two 
classes, (1) thermal, (2) electrical. In the first class are included 
such processes as convection, distillation, differences of temper- 
ature, etc., all of which ultimately depend upon heat. In the 
second class may be grouped electrolysis, electronic action (as 
suggested by Humphreys), and possibly a direct act‘on of the 
difference of potential between the electrodes of the ionized gases 
surrounding the arc. An attempt has been made to study the 
question under as definite, reproducible conditions as_ possible, 
and efforts have been made to vary one factor at a time. 

* Comptes rendus, 119, 728, 1894. 

2 Physical Review, 3, 370 and 448, 1896. 3 [bid., §, 129, 1897. 

4 Zeitschrift fiir wissenschaftliche Photographie, 4, 335, 1906. 

5 Astrophysical Journal, 27, 200, 1908. 

6 Zeitschrift fiir wissenschaftliche Photographie, 10, 374-392, IgI2. 

7 [bid., 12, 65-76 and 123-124, 1913-1914. 


05 








66 ARTHUR ST. C. DUNSTAN AND BENJAMIN A. WOOTEN 


In order to avoid the influence of convection currents in the 
air surrounding the arc, a horizontal arc inclosed in a refractory 
vessel was used, and in order to be independent of the fortuitous 
distribution of substances occurring as impurities in the carbons, 
elements were used which either did not occur as impurities, or 
occurred in the carbons in such small quantities that their spectral 
lines did not appear with the exposures given. It was found that 
Sr, Ba, Li, Cu, and Pb either did not occur in the carbons used, or 
occurred in very small quantities, and hence these elements were 
most often used, though for the sake of comparison others were 
occasionally employed. Strontium was the element generally 
used, in the form of sulphate. 

The arc was surrounded by a nearly homogeneous atmosphere 
of the vapor of the metal, this vapor being supplied by another 
arc. The arrangement used is shown in the accompanying figure. 
The lower carbons, forming what may be called 
the vaporizing arc, were bored out and packed 
with a salt of thé metal studied. This arc vapor- 
ized the metal which diffused through the fur- 
nace. The temperature of the furnace was 
sufficiently high to prevent any considerable 
condensation of the metallic vapor on its walls 





or upon the upper carbons. In order to avoid 
any difference in temperature at the poles of the 





vaporizing arc, or different electrical condition in the vapor rising 
from it, alternating currents of from 15 to 30 amperes were used. 
The vertical planes passing through each pair of carbons were at 
right angles to each other. The holes through which the carbons 
pass were packed with asbestos wicking. 

The upper carbons, which were situated approximately 5 cm 
above the vaporizing arc, were supplied with direct current of 
from 20 to 60 amperes. The light from the upper arc passed out 
through an elliptical hole in the wall of the furnace. The image 
of the arc was cast on the slit of the spectrograph by a quartz lens, 
the image being linearly magnified approximately six times. After 
the furnace reached a high temperature its operation was very 
regular and free from trouble. However, when steam was admitted 
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to the furnace the carbons were used up rapidly and constant 
attention was necessary. 

Most of the plates were taken on a concave-grating spectro- 
graph of 2 m radius, Rowland mounting, though some were obtained 
with a small spectrograph using either two prisms or a flat grating. 
On account of the astigmatism of the concave grating it was neces- 
sary to give two exposures to get photographs of spectra from 
two different portions of the arc. In order to eliminate any line- 
arly progressive change in-the arc during the time of exposure, 
one half the time of the first exposure was given, then all of the 
second, then the last half of the first, the camera shutter being 
turned between exposures; the arc itself and not the projection 
lens being shifted to bring the desired portion of the image on the 
slit at each exposure. That this process was successful was proved 
by photographing the same portion of the arc during the two 
exposures and by photographing the spectrum of an alternating- 
current arc near each electrode. The plates obtained were in 
both cases identical. With the magnification used, the breadth 
of the narrowest part of the image was considerably greate than 
the length of the slit of the spectrograph; hence the small unavoid- 
able wandering of the arc had little or no influence. To decrease 
this wandering, cored carbons were generally used. 

When the small prism spectrograph was used, it was turned 
over until the slit was horizontal, thus lying along the axis of the 
image of the arc. The size of the image was adjusted until its 
total length was smaller than the length of the slit, so that not 
only light from the arc stream but that from the tips of the elec- 
trodes entered the collimator. Thus the entire arc inclusive of 
the electrodes could be seen at one time. 

In most of the work with the concave grating, spectra of the 
first order were used. In the blue and violet regions exposures 
of six minutes were sufficient, but in the red region, \ 6000 to A 7000, 
exposures of fifteen to thirty minutes on Eastman Panchromatic 
films were necessary. 

RESULTS 

Relative intensities of lines at anode and cathode.—On the several 

hundred plates secured there is not a single instance in which a 
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metallic line is stronger at the anode than at the cathode, provided that 
the metal used is not an impurity in the carbons; and even when the 
metal is found as an impurity, usually its cathode lines are stronger 
than those at the anode. 

If instead of surrounding the arc with a uniform atmosphere 
of metallic vapor, as is done here, the metal is introduced into the 
arc by loading the carbons, or by saturating them with solutions 
of the metallic salts, it is possible to have the lines strongest at 
either pole, depending upon which carbon has the greater supply 
of the element. In such cases it is probable that the vapor-density 
or the thickness of the vapor is greater near the more heavily 
loaded carbon. Several investigators have reported finding that 
certain metallic lines were stronger at the anode than at the cathode. 
So far as the writers are aware, in all such cases the metals were 
introduced by loading the carbons, by saturating them with solu- 
tions of the salts of the metals, or by depending upon the occurrence 
of the metal as impurities in the carbons. It may be that the 
difference between the results obtained by these investigators and 
that obtained in the present work is due to the fact that in the 
work of these investigators there may have been differences in 
the amount of the metals in the two electrodes. 

As bearing upon this point, the following may be of interest. 
Using rods of wrought iron 12.5 mm in diameter for the upper 
electrodes and carbons loaded with SrSO, for the vaporizing arc, 
the plates show the iron lines of equal intensity at the anode and 
cathode, while the strontium lines were stronger at the cathode 
than at the anode. 

The fact that the anode is hotter than the cathode has led 
several investigators to ascribe the stronger cathode lines to a 
process of distillation from the anode to the cathode with conse- 
quently greater vapor-density at the cathode. In order to inves- 
tigate this matter, one of the upper carbons in the furnace was 
replaced by a water-cooled brass electrode. If there is a process 
of distillation in the arc whereby the vapors distil over from the 
hotter anode to the relatively cooler cathode, thus increasing the 
vapor-density in the vicinity of the latter, it ought to be possible 
to reverse the direction of the process by using an anode cooler 
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than the cathode. When the water-cooled electrode above men- 
tioned is used as anode, the lines of the metals forming the vapor 
are as before, stronger at the cathode. In fact, the phenomenon 
is not interfered with in the least. Near the anode, however, the 
lines of the Cu and Zn of the electrode are stronger than they are 
at the cathode, though showing at both poles. 

In order to determine whether or not the gas of the arc stream 
is cooler at the anode than at the cathode, two small thermopiles 
of the Rubens pattern were arranged so that they could be slid 
along a rail and either one could be placed at any desired point 
in the image of the arc. They were connected in opposition to 
each other and to a heavily damped galvanometer. The sensi- 
tiveness of the arrangement was tested by placing one thermopile 
near the image of the cathode while the other was moved to any 
desired portion of the arc. The difference of radiation from the 
different sheaths of the arc was easily shown. 

The thermopiles showed plainly that with carbon electrodes 
the gas in the vicinity of the anode was hotter than that near 
the cathode. With the water-cooled electrode, however, the 
thermopile showed definitely and clearly that no matter whether 
this electrode formed the anode or cathode of the arc, the gas in its 
vicinity was cooler than the gas surrounding the carbon electrode. 

Carbons bored out axially, the inner end of the boring not 
quite coming to the inner end of the carbon, and having the other 
end connected to the water supply, were also employed. The 
results were the same as with the brass tube. 

The fact that the water-cooled electrode always lowers the 
temperature of the arc stream in its vicinity below that prevailing 
at the other electrode, taken in connection with the fact stated 
above that this electrode when used as an anode does not affect 
the greater intensity of the metallic lines near the cathode, seems to 
be evidence of considerable weight against the idea of distillation. 

Blowing a gentle current of steam through a bored carbon 
in an attempt either to blow the metallic vapors away from the 
carbons or at least dilute them considerably resulted in a very 
badly burning arc, but no matter: which electrode the steam- 
feeding carbon formed, the lines were stronger at the cathode. 
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Electrolysis.—The fact that when the vaporizing carbons are 
loaded with a mixture of elements standing as far apart in the 
electrochemical series as Li, K, Ba, Sr on the one hand, and Cu 
and Pb on the other, the lines of all of them are found to be stronger 
at the cathode, would seem to speak against the electrolytic theory. 
If there is electrolysis, it would seem that some of the elements 
mentioned should be found at one pole and some at the other. 
Experiment shows, however, that there is no separation of the 
elements in the arc. 

If a third carbon loaded with these elements is pushed from 
the side into the arc, thus introducing the elements into the midst 
of the arc stream, there is no separation, the lines of al! the metals 
being stronger near the cathode. This is true when the third 
electrode is connected to either of the electrodes through a moder- 
ate resistance, thereby changing the potential of the electrode 
with respect to the others. 

If a fire-clay diaphragm with a small hole at its center is inserted 
in the furnace between the upper and lower carbons, thus making 
two chambers in the lower of which the vapor is formed, the vapor 
rises through the hole and crosses the arc stream as a jet of small 
diameter. It is found that still the metallic lines are strongest 
at the cathode, or rather between the cathode and the point where 
the jet impinges on the arc stream. As in the other arrangements 
just mentioned there is no separation of the elements. Owing to 
the somewhat indefinite outlines of the jet where it crosses or 
mingles with the arc stream, it could not be determined whether 
the lines were strongest at the cathode or at the boundary of the 
jet nearest the cathode. 

Direct electrostatic action on the ionized gases surrounding the 
arc stream.—The term electrolysis was used above in the sense of 
implying an electrolytic transport of materials in the stream of 
the arc itself and by the action of the arc current. The term 
‘direct electrostatic action on the ionized gases”’ is intended to 
convey the idea of an electrostatic action of the oppositely elec- 
trified electrodes upon the masses of vapor which surround the 
arc stream, but do not take part in conveying the arc current. 
It is possible at least that the ions coming from the lower arc, and 
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also to a certain extent from the upper one, would be attracted 
directly to the upper-arc electrodes, and, reaching them, would 
there give the spectral lines of the ionized elements. 

To test this point, the lower arc was allowed to burn, furnish- 
ing a continuous supply of vapor, while the upper arc was extin- 
guished and to its electrodes was connected a source of direct 
current of high potential. One electrode was thus at a high 
positive potential and the other negative, and both were immersed 
in the ionized vapors. After a run of from fifteen to twenty 
minutes, the source of high potential was disconnected, one of the 
deposition carbons was removed and a fresh carbon substituted 
for it. The arc current was now switched on, the new carbon 
being made the anode. A spectrum photograph was taken, the 
slit being located near the image of the deposition carbon. This: 
carbon was now removed and the other deposition carbon sub- 
stituted for it, and a second spectrum was photographed on the 
same plate. Using potential gradients of 200 to 5000 volts per 
cm of distance between the ends of the deposition carbons during 
the deposition, the spectrum plates were identical in lines and in 
the intensities of the same. 

As a variation, the vapors from the arc are allowed to pass 
through an iron tube about 3.5 cm in diameter and about 40 cm 
long, in the axis of which was a brass rod 0.5 cm in diameter insu- 
lated from the iron tube by a porcelain bushing tube. A difference 
of potential of from 1000 to 2000 volts between the rod and the 
tube was applied, and after a suitable interval for deposition the 
rod and tube were removed, separated, and each wiped off with a 
wad of absorbent cotton. The wads of cotton were placed in 
separate beakers and each treated with hot dilute HCl in order 
to dissolve whatever had been deposited on the tube or rod and 
removed by the wads of cotton. New carbons were boiled in 
the solutions. These carbons formed in succession the cathodes 
of an arc whose cathode spectrum was photographed, the anode 
being a new carbon. The result of these photographs was that the 
spectrum lines of the metal used in the vaporizing arc were abso- 
lutely identical in the photographs. The spectral reaction was 
delicate enough to show the iron lines in the material deposited 
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on the iron tube, and the copper lines in the material deposited on 
the brass rod, these being due to the exceedingly small particles 
of the oxides wiped off by the wads of cotton. Using a mixture of 
elements in the vaporizing carbon, there was in no case any sepa- 
ration of these elements in this process, the materials deposited 
of the high potential anode and cathode being identical. 

It is the opinion of the writers that the facts above given 
constitute a considerable body of evidence against any of the 
thermal processes and also against electrolysis and direct electro- 
static action, and consequently of the various explanations offered 
there remains only the electronic one offered by Humphreys. 

It can be said at once that although the work described above 
cannot. be considered a proof of the electronic theory, yet there 
is nothing in its results in conflict with this theory. The following 
appears to be stronger and more direct evidence than that just 
given. An inclined carbon tube was arranged so that small pellets 
of the metallic salts from 1 to 2 mm in diameter could be fed into 
the upper end, gain considerable speed in the descent, and finally 
plunge through the are stream at high speed. The time that 
these pellets were in the arc stream was too short for any per- 
ceptible diffusion, convection, or electrolysis, and further, since 
their diameters were so small there could not have been much 
difference of potential or difference of temperature between the 
side turned toward the cathode and that turned toward the anode. 
A plane-grating spectroscope with its slit horizontal was used to 
study visually the spectrum given by these pellets. Under the 
conditions mentioned, the lines of the metals were distinctly fish- 
shaped, the head or thickest part of the fish being turned toward the 
cathode. This suggests that the electrons, flying from the cathode, 
strike the vapor surrounding the pellet on the side turned toward 
the cathode, produce the light, and then, most of them being 
stopped by collision either with the vapor or the solid body of the 
pellet itself, there are only comparatively few left to produce light 
on the anode side. It seems that it would be difficult to explain 
this result on any other theory than that of ionization by impact. 

Explanations based on convection, diffusion, distillation, or 
electrolysis are alike in that they postulate an accumulation of 
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metallic vapors in the vicinity of the cathode. In accordance 
with any of these explanations, if the polarity of a direct-current 
arc is reversed, the metallic lines from the new cathode cannot be 
more intense than those from the new anode until sufficient time 
has elapsed for the accumulation left around the new anode to 
diminish and for a new accumulation of vapor to build itself up 
around the new cathode. It is evident that such a process requires 
a finite time, since it requires a transfer of ordinary matter. On 
the other hand, on account of the high velocity of electrons elec- 
tronic processes are almost instantaneous, and reversing the arc 
merely means reversing the direction of electron flow. Very little 
time is required for this, evidently far less than for the accumu- 
lation of metallic vapor around one of the poles of the arc. Hence 
the time required after the reversal of the arc for the lines to 
become more intense at the new cathode may be used as a means 
of deciding between the electronic and rival theories above men- 
tioned. 

In order to apply this method of discrimination, the following 
scheme was used. Sixty-cycle alternating current was used to 
operate the upper arc in the furnace, the 


a3 


vaporizing carbons” as 
usual furnishing the metallic vapor. Each upper carbon was 
consequently the anode for 1/120 of a second, followed by an equal 
interval of time during which it was the cathode, and so on. Be- 
tween the projection lens and the slit of the spectrograph was placed 
a small synchronous motor of 1800 r.p.m. on whose shaft was 
mounted a sectored metallic disk. The disk had two open and 
two opaque sectors. A contact device on the shaft of the motor 
insured that the beam of light traversed the center of one of the 
open sectors at the instant that one carbon was at its highest 
position potential and the other at its maximum negative potential. 
When the current through the arc reversed, an opaque sector had 
taken the place of the open one, thus shutting off the light. Since 
the open sectors were appreciably smaller than the opaque ones, 
there could be no overlapping. 

Under these conditions the image of the alternating-current arc 
and the sheaths were in all respects precisely the same as those of a 
direct-curren! arc. 
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Spectrum photographs showed the familiar phenomenon of the 
increased intensity of the metallic lines at the cathode precisely 
as if the arc had been produced by a direct current. With the vapor- 
izing carbons loaded with a mixture of the salts of Li, K, Sr, Ba, 
and Pb, the lines of all of these elements were stronger at the 
cathode. This shows without doubt that 1/120 of a second is 
ample time for the phenomenon to develop, and hence seems to 
exclude any possibility of there having been any bodily transfer- 
ence of metallic vapors from one pole to the other. It would 
probably be possible, by the use of narrower open sectors and by 
revolving the field frame of the motor to such a position as to 
allow the light to pass at an instant very nearly that at which 
the current passes through zero, to obtain a more definite value 
for the time limit required for the establishment of the phenomenon, 
but it would seem that a maximum limit of 1/120 of a second is 
sufficient to show that there could be little or no actual transference 
of metallic vapors from one side of the arc to the other. 

The fact that elements of such widely different atomic weights, 
ranging from 7 to 208, all gave the same result under these con- 
ditions of rapid alternations of polarity, appears to furnish addi- 
tional evidence against any explanation or theory involving the 
idea of transference of material across the arc, and to strengthen 
the supposition that the light emitted by the arc stream is due 
to vibration caused by the collision of electrons emitted by the 
cathode with the particles of the vapors surrounding the arc. 

Relative intensities —The different lines of a given element 
show considerable differences in their relative intensities at the 
two poles. Thus some Sr lines may have an intensity of to at 
the cathode and 8 at the anode, while others may have intensities 
of 20 and 1, and in some cases no trace whatever of the line could 
be seen at the anode. An attempt has been made to see whether 
there is any connection between this change of intensity in the 
line at the two poles and the Kayser and Runge series to which 
the line might belong. It has not, however, been possible to reach 
any definite decision on this point. 

A similar question is that of correlating the behavior of the 


lines with the atomic weight of the element. While the number 
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of elements used was too small to allow any definite statement 
to be safely made, yet, so far as the results go, they indicate that 
the cathode strengthening is greater the lower the atomic weight 
of the element. 

Conclusion.—All attempts to separate vapors of the arc by 
methods involving difference of temperature and by methods based 
on electrolysis and electrostatic action gave negative results. 
Results obtained with the alternating-current arc seem to show 
that the light from the arc stream is due to electronic collision, 
and they indicated that the phenomenon is completely established 
in 1/120 of a second or less. 


ALABAMA POLYTECHNIC INSTITUTE 
AUBURN, ALABAMA 


January 12, 1921 
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IDENTIFICATION OF AIR LINES IN SPARK SPECTRA 
FROM 5927 TO 8683" 
ABSTRACT 


Spectrum of condensed spark in air and in oxygen, \ 5927 to \ 8683.—By operat- 


ing the spark alternately in oxygen and in air, the lines due to oxygen have been 
identified. The remaining air lines, except a few argon lines, are ascribed to nitrogen. 
The work confirms numerous identifications made by other observers using vacuum 
tubes, and adds some identifications not previously available. 

Experiments in continuation of those previously performed by 
one of the authors? have been carried out to determine the chemical 
identifications of the air lines from \ 5927 to \ 8683 inspark spectra. 

The spark chamber, consisting of a glass bulb, was connected 
with an air pump and an oxygen apparatus in such a way that it 
could be filled either with air or with oxygen. ‘The oxygen was gen- 
erated by heating potassium permanganate and was purified by 
passage through caustic potash, calcium chloride, and phosphorus 
pentoxide. The photographic exposures were so arranged that the 
spectrum of the spark in air appeared on the negative close beside 
that of the same spark in oxygen, thus facilitating a comparison 
of the relative intensities of the lines. The pressure in the spark 
chamber was equal to one atmosphere in all cases. Several sets 
of comparisons were made with copper electrodes, and one with 
carbon (Acheson graphite) electrodes. All gave accordant indica- 
tions of the identification of the air lines. 

The second column in Table I gives our observations of the 
changes in relative intensities of the lines produced by the spark in 
oxygen as compared with the spark in air, w and s indicating 
weakened and strengthened, respectively. Of lines for which 
other identifications are available, those due to argon and nitrogen 
are weakened, while those due to oxygen are strengthened. Among 
the remaining lines, those weakened are believed to be due to 
nitrogen, and those strengthened to oxygen. 

t Contributions from the Mount Wilson Observatory, No 

2 Tbid., No. 183; Astrophysical Journal, §1, 211, 19 
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One line, \ 6370.92, should be removed from the previous 
list," as it is probably due to silicon, while a nitrogen line at about 
6341.5 Ashould be added, as itis observableinair. It undoubtedly 
corresponds to a line observed at 6340.84 A by Porlezza in a 
nitrogen tube. 

TABLE I 


RELATIVE INTENSITIES OF SPARK LINES IN AIR AND IN OXYGEN 


Xin Air, IA Oxygen Vacuum Tubes Ain Air, IA Oxygen Vacuum Tubes 
5027.83.46 w N* vt) ee Wo ScadeS soe , 
6031.78.... u N* 7442.70... u 
5041.54... w N* 7408.72.... a Oe er 
Ce w N* ib aemenees S O 7476.58% 
6158 pen § OF mis Fiatenuae Ss OQ 7479.23¢ 
6171.0 . w Fee, re en O 7481.277 
6284.22.... u N* 97635.70.....] <u | A 
(6341.5 ” a |N 6340.84* |] 7772.07.....] s | O 
6966.22... u N* ee § O 
(6370.92 wees, See note 7775.60... $ | O 
6379.52... ui N* 7947 .83 S | O 7947.587 
6456 6.4 5 OF 7951.10 5 | O 7950.84t 
6482.054.. ue ag i s O 7952.22} 
6610.39... it’ N* Sree .20.... ae Oe eee 
6040.7 .... § sesees|] GlOO.42 z 
6064.76... s 5 ete eae 8200.72 ah, ee re ee 
G67OT 26600 i er Said 8211.12. i ee Sees 
0357.01. Je sccecessenes $210.72. u ; 
6950 eee a TT Ee | ere ee $ | O 8221.84f 
0905.95 , u A 0223.45. ... u Teer Tere : 

(7007 sell § | O 7oo2t $230.20.... s O 8230.0s5f 
7007.6 .... “i A eae 5 O 8233.05} 
(i s | Ort 8242.80.....] zi 
ua oP ry | O 7254T 8446.84.....] s O 
ci a u A 8630.02..... w ? eae 
8080 .63.... _ ae Pree 
8683.70.... w ? 


* Porlezza, Ati R. Accademia dei Lincei, Serie 5, 20, 584, 1911. 
+ Runge and Paschen, Annalen der Physik, 61, 641, 1897; 27, 562, 1908. 
t Kiess, Popular Astronomy, 29, 18, 1921. 
NOTES 
\ 6158 Very broad, probably double or triple; includes \ 6160.72. 
6171.0 Broad, probably double or triple. 
6370.92 Not an air line; probably Si. 
7007 Very, very hazy. 


‘ 


PauL W. MERRILL 
F. L. Hopper 


Mount WILSON OBSERVATORY CrypeE R. Keir 
February 1921 : ’ ; . 


t Loc. cit. 
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AVOIDANCE OF ATMOSPHERIC DISPERSION IN MEAS- 
URES WITH THE STELLAR INTERFEROMETER 


ABSTRACT 
Stellar interferometer.—A direct-vision prism has been used with the stellar 


interferometer to avoid the disturbing effects of atmospheric dispersion 


Since Professor Michelson’s tests here and at Mount Wilson have 
shown that the interference method for measuring close double 
stars is little affected by atmospheric conditions, we have applied 
this method to some of the known bright pairs with the 4o-inch 
refractor. An experimental apparatus was built in 1920 by Mr. 
QO. J. Lee and myself, with the use of wood and paper, because of 
lack of help in our shop at that time. It was placed in front of the 
40-inch objective and consisted of two rectangular openings in card- 
board that could be changed in position angle and varied in distance 
by means of cords held by the observer. This crude instrument 
showed the expected phenomena very plainly, but was only good 
enough to make a better one desirable. From a sketch by myself a 
small apparatus was made of iron and brass in which the movable 
slits were in the cone of light only one meter inside the focus. This 
instrument was mainly made by Dr. George S. Isham, of Chicago, 
who voluntarily proposed to undertake the construction in his 
private shop. His hearty co-operation is very cordially acknowl- 
edged here. Adapted to the 40-inch refractor by our instrument- 
maker, with the necessary adjustments for centering the apparatus 
in the cone of light, the instrument proved satisfactory. Between 
March 21 and June 25, 1921, Capella has been followed in position 
angle over nearly a complete revolution by observations during the 
day, some of them when Capella was culminating at noon. 

From the very beginning, however, a difficulty was encountered 
in atmospheric dispersion. J. A. Anderson’ has clearly explained 
the effect of this disturbing factor. When the interferometer is set 
on a star at low altitude the fringes appear fan-shaped if the slits 
are vertical, while in a direction normal to this the fringes would be 
completely blurred. Without going that far, it is evident that even 
at higher altitudes atmospheric dispersion will affect the change in 


1 Astrophysical Journal, 51, 268, 1929. 
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visibility of the fringes for varying position angles. The effect 

would be an apparent shift of the position angle toward the vertical. 

These deviations were quite evident on Capella. This star is too 

close to be measured in distance with the 40-inch refractor combined 

with the interferometer; yet the change of visibility of the fringes 

when the instrument is turned in position angle is such that, although - 
the distance could not be measured, the position angle can be estab- 

lished fairly well. But the measures on a given day showed marked 

changes with the hour angle. 

Anderson compensates for the atmospheric dispersion by putting 
plates of plane-parallel glass, one of them being slightly tilted, in 
front of each slit; but this appeared difficult, since the adjustment 
had to be modified for each change in the position angle. The 
alternative of using a prism of variable angle, kept in the required 
position by gravity, will probably be found too difficult in actual 
application. 

Another method was devised by myself, which is simple and 
practical. It consists in mounting a direct-vision prism on the eye- 
piece, the edge of the prism being parallel to the line joining the 
centers of the slits, so that the dispersion is parallel to the slits. 
Since the eyepiece turns with the slits, the prism becomes part of 
the interferometer and does not require repeated adjustment. 
Direct-vision prisms of the Zéllner type, consisting of two crown 
prisms with the flint prism in between, were used for that purpose, 
the cylindrical lens being discarded. Dispersions of 3°, 4°, and 5° 
respectively, between the Fraunhofer lines B and G (A 6868 and 
d 4308) proved to be amply sufficient. 

Atmospheric dispersion is represented by 0783 tan z for zenith 
distances smaller than 70° if the limits of the spectrum are taken 
at X 6500 and \ 4500. The corresponding value between B and G 
is1%06tanz. Since the observations are made with a power of about 
2000, the atmospheric dispersion would appear to the eye under an 
angle of 2000X1.06 tan z or roughly o°7 tan z, as against a dis- 
persion of 3° to 5° with the prism. The combination of the two 
dispersions will be a spectrum at a slight angle with the length of 
the slits. By adjusting the prism so that the resulting spectrum is 


t Anderson, loc. cit. 
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parallel to the slits, the vertical dispersion is compensated and the 
fringes will be seen again over the whole length of the successive 
colors of the narrow spectrum, especially well in the red part for the 
prism used. Laboratory tests in which the light of a slit-source was 
dispersed through a 60° prism showed that even for such a high 
dispersion the lost fringes could be brought back and made so plain 
by the direct-vision prism oriented in the proper way that the width 
of the slit could be measured as if there was no dispersion, and 
since the settings could be made in the various colors, there is no 
uncertainty as to the wave-length to be used in the computations. 

This method was used on Capella for the first time on June 16 
and was found to work very well even when the star is as close to 
the sun as at present. On fainter stars the loss of light would 
reduce the number of objects that can be reached. Observations 
on stars as faint as 7“o were found possible under fair conditions, 
without the direct-vision prism. The dispersion introduced by this 
auxiliary apparatus would put the limit somewhere near 5“o with 
the actual arrangement of the instrument. 

G. VAN BIESBROECK 
YERKES OBSERVATORY 
June 26, 1921 


ERRATA 
Vol. 53, January, 1921, “The Parallaxes of 1646 Stars Derived by 
the Spectroscopic Method,” by W. S. Adams, A. H. Joy, G. Strémberg, 
and Cora G. Burwell: 
2 
Page 23, equation (19), for A? read A. 
Page 26, second line, for below read above. 
Page 39, Boss 451: for 47 Cassiop. read 57 Ceti. 
Page 44, the trigonometric + and authorities given for Boss 1074 
refer to C594. 
Page 60, first line, the Boss No. for Bu. 5695C should be deleted. 
Page 75, Boss 4470: under “ Authorities,” for M read S. 
Page 84, X Cygni: in the sixth column, insert || after 0.018. 
Page 87, C2797: in the sixth column, for 07056 read 0756. 
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